
AD-A262 784

ANALYSIS OF DYNAMICAL PLASMA
INTERACTIONS WITH HIGH-VOLTAGE
SPACECRAFT

M. J. Mandell
T. Luu
J. Lilley

Maxwell Laboratories, Inc. OTIC
S-Cubed Division -T

P. O. Box 1620 E..
La Jolla, California 92038-1620 -lAR15 1993 U

June 1992

Final Report - Volume II
31 December 1988 through 31 December 1991

Approved for public release; distribution unlimited

PHILLIPS LABORATORY
AIR FORCE MATERIEL COMMAND
HANSCOM AIR FORCE BASE, MA 01731-5000

oil. 35 ' 93-05338
3 l lfIIl ll11llll I



"This technical report has been reviewed and is approved for publication

DAVID L. COOKE
Contract Manager

CHARLES P. PIKE
Branch Chief

This report has been reviewed by the ESD Public Affairs Office (PA) and is releasable to the
National Technical Information Service (NTIS).

Qualified requestors may obtain additional copies from the Defense Technical Information
Center. All others should apply to the National Technical Information Service.

If your address has changed, or if you wish to be removed from the mailing list, or if the
addressee is no longer employed by your organization, please notify PL/TSI, Hanscom AFB,
MA 01731-5000. This will assist us in maintaining a current mailing list.

Do not return copies of this report unless contractual obligations or notices on a specific
document requires that it be returned.



Form Approved

REPORT DOCUMENTATION PAGE DVS No 07o0'0788

0-1,lya~ S,,I 12)4 A-,.'' VA 2 ' V " O. tI * *,I..4 I$ 4 4 ,
4 

' f0.' . U ' V '

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

I ue 1992 [:tinal 0,1 I)Dec. 1988 -31 Dec 1991I
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Analysis of Dynamical Plasma Interaction, With Ilit h Voltage Spacecraft Pl- 621 IIF

PR 76N)1

'IA 30
6. AUTHOR(S) 

W ('A CA
Mi. J. Miandell J. L~ille' ('onilact I 1 K9 C g X)
T. l~ut

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

Maxwell Laboratories. Inc.

S-Cubed Division
P. 0. Box 1620
L.a Jolla. CA 02038- 1620

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORINGtMONITOR ING

AGENCY REPORT NUMBER

Phillips Labor|atory P1.-TR-92-224X II
Hanscom Air Force Base. 0A 011731-5WIMNI

Contract Manager: David Cooke/WSSI

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTIONWAVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release, distribution unlimited

13. ABSTRACT (Maximum 200 words)

This volume is the users' and programmers' manual for the DynaPAC computer code. DynaPAC is a user-friendl. and
programmer-friendly workbench for studying plasma interactions with realist•ic spacecraft in three dimensions DxnaPAC
enables plasma interactions specialists to perform predictive scientific calculations with direct application to engineeinn
problems. DynaPAC uses a finite element algorithm with strictly continuous electric fields for accurate potential
calculation and particle tracking. and contains a powciful database utilitN f, stloage and communication of lai Le d•i•
anrays

The core capabilities of DynaPAC are (1) to define (he spacecraft geonietir and the structuie of the computational ,pie.
(2) to solve the electiosiatic pxotential about the object with space charge .omputed cither fully h% particle,. Lfull,,
analyticallý, or in a hybrid inanner: and 13t) to gcncrate and track iepresenlitaiic mncroparticles in the coinputatiosnal
space. The core modules are designed to have ht max,,iiniln practical user contiol jnd to facilitate the incopX atlion of
new or modified algorithms. Preprocessors ate pio% ided to set boundary conditions and generate input files in a modern.
screen oriented way. Similarly. screen- oriented por".-irtesso(rs are pio% ded foi 'iaphical and textual data dtsplj.

14- SUBJECT TERMS 15. NUMBER OF PAGES

Spacecr;aft Plasma Ilutciactions Particle in CelI 1 30
Space Power Plasma Sheaths 16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT

I( nclassi'ied I I 'inclassified I '|classfied SAR

NSN 7540-01-280-5500 Slamlard Form 298 fRev 2 Au,



Table of Contents

P reface ............................................................................................................... . .

1. Introduction and Overview ..........................................

1.1. N eed fur D ynaP A C ..................................................................................

1.2. DynaPAC Capabilities ............................. ........ I

1.3. Dyna1AC Software Elements ................................ 4

2. DynaPAC Users Manual ........................................ 6

2.1. Preparing to Use DynaPAC ......................................... .............................. 6

2 .11 . U n its .................................................................................. .............. .... 6

2.1.2. DynaPAC Environment ..................................................................... 6

2.1.3. D ynaPA C M od ules ................................................................................ 8

2.1.4. D ynaPA C Files .................................................................................... 9

2.2. H andling Input and O utput ................................................................................ 11

2.2.1. Using the Screen Handler ...................................................................... 11

2.2.2. D isplaying G raphics .............................................................................. . 14

2.3. Defining Objects and Grids ............................................................................... 16

2.3.1. Defining Objects using PATRAN ......................................................... 16

2.3.2. Defining Objects using POLAR ........................................................... 17

2.3.3. Creating Grids using Grid'Fool ............................................................ 17

2.3.4. Processing Objects with PatDyn or PolDyn ..................... 24

2.4. Calculating Potentials ...................................................................................... 26

2.4.1. Using DynaPre [IPSI to Specify Initial Potentials ............................... 26

2.4.2. Using DynaPre [Potent] to Create Potential Solver Input .................. 28

2.4.3. Operation of the Potential Solver .......................................................... 32

2.4.4. Using Scanner to Display Potentials ..................................................... 33

2.5. Generating and Tracking Particles ..................................................................... 35

2.5.1. Using DynaPre [PartGenJ to Create Particle Generator Input ............. 35

2.5.2. Using DynaPre [Trackerl to Create Particle Tracker Input ................. 36

2.5.3. Operation of the Particle Generator .............................. 38

2.5.4. Operation of the Particle Tracker ..................................................... 39

iii



2.6. U sing the D ynaPost U tilities .................................... .................................... 41

2.7. Time-Dependent Problems ..................................... 42

3. D ynaPA C Developer's M anual ......................................................................... 44

3.1. DynaPAC Software Structure ................................... 44

3.1.1. D ynaPA C D irectory Tree ........................... ....... .............................. 44

3.1.2. DynaPAC Software Conventions .......................................................... 45

3.1.3. Modifying DynaPAC Subroutines ......................................................... 45

3.2. Using the DataBase Manager ................................... 46

3.3. M odifying Screens .............................................................................................. 59

3.4. Potential Interpolation Schem e ........................................................................... 59

3.4.1. Continuous Field Interpolants .............................. 59

3.4.2. Interpolating Potentials and Fields for Special Elements .................. 61

3.5. Surface Potential Boundary Conditions ............................. 62

3.6. Space C harge T reatm ents ................................................................................. 63

3.7. Selected Subroutine D escriptions ....................................................................... 65

4. D ynaPA C E xam ple . Part I ................................................................................ 66

5. D ynaPA C Exam ple - Part II .............................................................................. 83

6. Documentation for Two-D Electrostatic Code "Gilbert" . ...................... 109

6 .1. In trod uctio n ........................................................................................ ............... 109

6.2. G rid G eneration ......................... ..... ....................................... 109

6.2.1. G ridding Requirem ents ....................................... ............................... . 109

6.2.2. G rid G eneration using Patran ............................................................... 110

6.2.3. Grid Processing with ReadPat .............................................................. 110

6.2.4. G rid Illustration w ith G ridPlot ............................................................. 11 I

.03. R unning G ilbert ................................................................................................ 112

6.3.1. G eneral C onsiderations ...................................................................... 112

6.3.2. Common Block/Input Specifications ................................................. 112

6.3.3. Windowscreen Boundary Condition ................................... 117

6.3.4. User-Modifiable Routines ................................ 118

6.3.5. Output Discussion ......................................... 118

6.4. A uxiliary Program s ............................................................................................ 120

6 .4 .1 . G rid P lo t ................................. ................... ....................... 120

6.4.2. InitP .............................................. 120

6.4.3. Contours ........................................... 120

iv



6 .4 .4 . S c a tte r .......................................................................... ......................... 12 0

6 .4 .5 . L in P t ................................................. ................................................. 12 0

A Dessi on For
NTIS ?At

DTIC-, TAB I

S.... fi.D ]• ~Dlst -ilu, I ozi........Av,,)tabt l tY Codes

Ave-ii aul/or
Dist~t Spec ial



Preface

This is Volume 2 of a two volume tinal report f1(r the contract "Analysi, of
D)ynamical Plasma Interactions with High Voltage Spacecrat." The period of technical
performance was 31 December 1988 through 31 D)ecembcr 1991. The objectives of
this contract were to study dynamical plasma interactions %kith high voltage spacecraft.
to construct a three-dimensional computer code. l)vnaPA(', as a workbench for .uch
studies, and to support the SPEAR program. Volume I is a compilation of work done
to model high voltage plasma interactions, with application to the SPEAR-II chamber
tests and to the design of SPEAR-3. Volume 2 contains documentalion for the
i)ynaPAC code. as well as for the two-dimensional Gilhlil code.

vii



1. Introduction and Overview

1.1. Need for I)ynaPAC

At the inception of this contract, recent flight experiments (notably SPEAR-lI and
concurrent computer modeling demonstrated a strong capability to predict steady-statc
interactions between high voltage spacecraft and the space plasma. llowcyer. the
time-dependent response of the space plasma to the high liclds and voltage,, a••ociated
with pulsed powcr systems, and the associated dynamic spacecraft charging, had not
been investigated. Processes not adequately modeled included formation of the space
charge sheath. current flow in the quasi-neutral preshcath. breakdown phenomena.
plasma kinetics. ionization pt1 cesscs,. and the effect of (Id namic proccs,,ýc,, on space-

craft charging.

This inadequacy became apparent in trying to make plasma interaction prdictlioN,
for the SPEAR-1l high voltage tcst. Fquilibrium ,heath calculations gase vert,
different results from sheath calctilations using short time approximation,s, and pla.,ma
currents to the high voltage conmponents could not he calculated with conlidlnu:c
Thus, it was decided to employ S-C(UBEI)'s experience in developing equilibrium
computer models to develop a realistic dynamic computational capability incorp)rating
modern and advanced computational techniques.

S-CUBED's three-dimensional equilibrium codes. NASCAP/GOE(.
NASCAP/LEO, and POLAR, have proved their general utility through application to
the design and analysis of a succession of laboratory experiments, spaceflight experi-
ments, and functional spacecraft. The goal of DynaPAC is to provide a similarly gCn-
eral tool which will be used for design and analysis of future pulsed power systems in
space and dynamic plasma interactions of other future space systems.

1.2. DynaPAC Capabilities

DynaPAC is currently a user-friendly and progranimer-friendly wkorkbench for
studying plasma interactions with realistic spacecraft in three dimensions. Presently.
DynaPAC enables plasma interactions specialists to perform realistic analyses with
direct application to engineering problems. Its current capability is illustrated b\ its
application to SPEAR-Il. When mature. DynaPAC "ill he usable by spacecraft
engineers with plasma interactions expertise.

The core capabilities of DynaPAC are to

I ) l)eline the spacecraft geometry and the structure of the computational ,pacc.

(2) Solve the electrostatic potential about the obiect. with flexible boundary condi
lions on the oblect and with space charge computed either fully by particle,,. full\
analytically, or in a hybrid mtanncr and



(3) Generate, track, and otherwise process representative macroparticles of various

species in the computational space.

The core modules are designed to have the maximum practical user control and to
facilitate the incorporation of new or modilied algorithms. Preprocessors are provided
to set boundary conditions and generate input tiles in a modern, screen-oriented way.

Similarly, screen-oriented postprocessors are provided for graphical and textual data

display.



DynaPAC
Software Module Structure
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Figure 1, 1. Modular structure of the DynaPAC code.
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1.3. DynaPAC Software Elements

Figure I1I shows the modular structure of1 the l)ynaPAC code. Except for the
"Neutral Gas Model," all modules shown are currently operational.

DynaPAC is centered around a DataBase M'mnager. The l)atalaase Manager is a

library of routines capable of making large arrays of information contained in disk tiles

accessible to computational modules. It has a programmer-friendly language for

defining data types and for retrieving and storing data. The DataBase MNanager will he

used to write DynaPAC results in the format required for other application codes, and

to retrieve information generated by other codes for use in DynaPAC. The DataBase
strategy enables DynaPAC to he operable on. and portable aniong, modern high-power

workstations, which have proven to be more cost-effective than supercomputers for

ttii ty pc of code development and analysis.

Spacecraft geometrical definitions for I)ynaPA(" are done using standard linitc

clement pre-processors such as PATRAN. Among the advantages of this approach are

that the geometry can be realistically represented, and that finite element models of a

spacecraft constructed for other purposes can be adapted for DynaPAC use. The comi-

putational space around the spacecraft is constructed interactively using the GridTool
module. Arbitrarily nested subdivision allows resolution of important object features
while including a large amount of space around the spacecraft. The l)ynaPAC object

definition interface program (e.g.. PatDyn) initializes the DataBase and constructs the
properties of those finite elements neighboring the spacecraft.

DynaPAC uses a high-order finite element representation for the electrostatic

potential that assures that electric fields are strictly continuous throughout space. (The
originally proposed tri-quadratic finite element representation proved to have some

unfortunate properties, and was replaced by the new scheme.) The electrostatic poten-
tial solver uses a conjugate gradient technique to solve for the potentials and fields on

the spacecraft surface and through the surrounding space. Space charge options
presently built in include Laplacian. equilibrium sheath. "frozen ions" (appropriate to

the early ,tage of a negative transient pulse), "mohile ions - barometric electrons"
(appropriate to the several microsecond timescalc response to a negative pulse), and

"full PIC". A screen-oriented, menu-driven preprocessor is available to generate initial

conditions and to build an input file for the potential solver.

Particle tracking i,, used to study sheath current:, to study particle trajectories, or
to generate space charge evolution for dynamic calculations. I)ynaPAC generates

niacroparticles either at a "sheath boundary" or throughout all space. Particles are

tracked for a specified amount of time. with the timestep automatically subdivided at

each step of each particle to maintain accuracy. The current to each surface cell of the

spacecraft is recorded for further processing. A future task is to develop algorithm,

v. hich will allow I)ynaPA( to study prohlems having neutral ioni/ation.
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A SdeCf1 -O'ieiite(Id, miInu-tIlnvcn ptolsprocessor is (Iued it, :icccs the l)talaJis tli lc
and generate graphical output illustlrating such quajIntitCie as ohiect surflace polcntlak.
space potentials, parlicle positions, or parlicle trajectcc,:ies. Potential contour plots Iay
be made either as line plots or as color-tilled plois. (iontoul levels, plot rali'c' cli.

can be modified through the user interlfIce. Plots are written to an intermcdiale graph-
ics tile which can be displayed using any of several terminal protocols or converted to
PostScript tiles for printing. This scheme is designed to easily accommodate nev
graphics hardware or software.



2. DynaPAC Users Mianual

2.1. Preparing to Use IDvnaPAC

This manual describes the use of lDynaP`AC fromt thle uSer s point of' view.

B~ecause DynaPAC is a large set of complex codes, tools have been developed to make

tile handling and input generation as automated an well-Iinerfaced as possible.

lDynaPAC should be installed on a reasonably powerful UNIX workstation. Thle

DynaPAC program tree requires about 50 MB of disk space. At least several MIB of'

dfisk space should be available for problem files. Comiplex problem tile lsets can easily~

require 1(X MB or more.

2.1.1. Units

In general. DynaPAC operates in the SI or MKS system of' units- Electrostatic
potentials; are internally stored in volts. and electric field,, in volts per meter. Magnetic

fields are always in testa (or A~ehers, per square metetr). Particle energy or plasma tem-

perature is usually in elect ron-\ olts . Charge density, (p is usually divided by the per-
mittivity of' free space (r,). so that it has thle units of- volts per sqluare meter.

2.1.2. 1)ynaPAC Environment

DynaPAC makes use of' UNIX environment variables and alae.These are

defined by the "DynaPAC.setup" file. found in the head of the I )naPlAC tree. Figure

2. 1 shows the "1)vnaPAC.setup" file. Only the first three "seteniv" Commands- need to

he customized to your s~ystem: the SCREENPKG variable needs to be set to the head

directory of' the DynaPAC screen package. the I)YNAPAC variable needs to he set to

ithe head di-ectory of lDvnal'A('. and the CPU-TYPE variable needs to bie set ito either

IRIX (for Silicon Graphics. Inc. computers with IRIX 4.0) or later operating system) or

SUN4 (for Sun Microsystemts Sun-4 or SparcStation computers).

lDvnaPAC executablesý are suffixed with the CPU -TYPE variable. Those execut-

ahlcsý with screen interlaces, must be run using shell scripts wNhich set additional

erl~ tronment variables prior to running the executable. The aliases in the

-DsnaPAC.setup" file make all this transparent to the user. It i'N not necessary (or

recommended) that the SI)YNAPAC/bin directory be included in the user's 'path". It

is recommended that the I)YNAPAC variable be 4clet ed in the user's, ' cshrc" file.



#* 11 \V% A 11(G4 S-('Il11:I)

# setup new dynapac %kind,,)%
# check/update the shell '%ariables below

# shell vanables
ft IYNAPAC is the head of lDvnapac node
# SCREENPKG is the head of Screerilk-
# 'ETP is machine type

4(SUN4. St NI R120tt( IRIS. IRIX, STIl LIX)
setenv SCREI.,.NPK(C /ichlScreenPk-
setenv DYNAPA(' fitch/d~ napac
setenv (P1' -TYl 11 IRIX

4screen packagce thin-s
setenv TLRMCAIV SCINKusc/eia/ema
setenv FORMWENDIR *SURI±f-NPKG/hn

# aliases
alias formger $FORNIGEN DIRlformgen
alias flmake $DYNAPAC/dynarnake

# executables
alias Potent $DYNAI'AC/binlPotent_$0t: -1 Y PL
al ias I'mtttyn $DY NAP1AC/hi nlPa1Dn $Ci1 l

a14.s PolDyn $DYNAP1AC/bin/PolDyn$SCPU TYPE
alias NisDyn $DYNAPACbin/NisDxyn $CPU TYPE
alias PartlCen $DYNAP1AC/hin/Part(ien SCIPU TYPE
alias Tracker $DYNAPAC/birin/hacker $cPI TYPE
alias Objflotl SDYNAPA(C/hin/ObjPotl $CP"'-I TYPE
alias MakeNpI $DYNAIPAC'/bin/,MakeNpl__S( 'Pt' TYPE
alias AddGrid $l)YNAPIAC/bitafAdd~irid S('l)'t TY)PE-

# executable-. with screen interface
alias Dyn ot $lY NAPJA(Thi n/Dynallost
alias DynaPre $)Y N APAC/bin/IDvnaPre
alias GridTool $DY N APA( /bin/GridTool
alias Scanner $DYN APAC Thin/Scanner

# drivers
alias dhtool $DYNAPA(C/src/dblib/dblool

# greetings
echo'
echo Welcome to DynaP'A(
echo'*
cd $i)YNAIPAC
pwd

Figure 2.1. "lDynaPAC.setup" file,

To set up the aliases and environmtent variable-s nee(Ie( to run IDynaPAC. change
directories to the D vnaF"A(' head directory ain(] Iype
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source DynaPAC.setup

or (from any directory)

source $DYNAPAC/l)ynaPAC.sctup

You will be left in the l)ynaPAC head directory.

2.1.3. DynaPAC Modules

DynaPAC is a collection of executable modules which perform the core functions

of DynaPAC and associated pre- and post-processing. The first module that a user
will encounter is not part of DynaPAC at all, but an external finite element geometry

generator (presently either PATRAN or POLAR) used to define a geometrical object
for DynaPAC simulation. Then DynaPAC modules will be applied to the object in

niore or less the following order:

GridTool is used to interactively define an arbitrarily nested cubic grid system
for the space surrounding the object.

DynaPre is used to H ) define input for the geometry interface modules, PatI)yn
and PoiDyn. DynaPrc will later be revisited to (2) define initial potential boun-
dary conditions on the object surfaces: (3) define input to the potential solver
module, Potent: (4) define input to the particle generator module, PartGen: and
(5) define input to the particle tracker module, Tracker.

PatDyn reads a PATRAN neutral file and generates the surface and volume infor-
mation required by the DynaPAC computational modules.

PolDyn reads geometrical information from POLAR program files and generates

the surface and volume information required by the DynaPAC computational
modules.

Potent is used to calculate the electrostatic potential field in the space surround-
ing the object.

Scanner is primarily used to display the electrostatic potential field in the space
surrounding the object. It can also bc used to display selected other spatial vari-

ables. and to print any valid l)ynaPAC spatial or surface variable.

PartGen is used to generate macroparticles to study particle trajectories, surface

currents, and space charge.

Tracker is used to track macroparticles to study panicle trajectories, surface

currents, and space charge.

D)ynaPost is a postprocessor to display (and plot time history of) values of sur-

face currents. and to generate input for (and run) the ObjPotl module.

ObjPotl plots isometric views of the ohbecl surface, color-coded by material

nuniber. conductor number, surface potential, surface electric field, or incident



flux.

2.1.4. l)ynaPA(' Files

The user brings to t)ynaPAC's GridTool module tiles describing the geometric

and material conliguration of his or her object. At that time a prefix will be assigncd
to the file set. From that point, all tiles are created by the DynaPAC modules, In gen-

eral. the following naming conventions are followed:

prefix.suffix tiles (where suffix is not capitalized) arc GridTool ascii output tiles.
They may be edited by the user dhough altering theni is not recommended).

prefix.SUFFIX files (where SUFHIX is capitaliied) are I)ataBa~e Nlanager tiles.
In general. these are non-ascii and cannot be user modified. Each ,uch tile ha,, a
maximum size of 33.5 MB.

name-in tiles (where name identities a module) are aýcii input tile,,. They con-
tain well-labeled parameters whose values may be altered by the user.

name-out files (where name identifies a module) are output files. These consist

primarily of reports of the progress of the module, but also contain information of
interest to the analyst. Various modules also write auxiliary output tiles.

Scratch.XX files are created by the Potent module and may be deleted any time
Potent is not operating.

fort.2 tiles are graphics tiles, and are overwritten each time a figure is generated
by a DynaPAC module. Figures can be saved by renaming the corresponding
fort.2 tile.

More specitically, here is a list of some important I )ynaPAC tiles with their con-

tents:

prefix.neu is a PATRAN neutral tile (ascii) containing object geometrical infor-
mation.

prefix.mat is a user-generated tile (ascii) containing material definitions.

prefix.grd (ascii) is generated by GridTool to detine the l)ynaPAC grid system

for the problem.

prefix.obj (ascii) is generated by GridTool as a simplified object description.

prefix.DP' is the main l)ataBase tile for the problem.

prefix.HI (ascii) contains the data packet names and definitions for the DataBase
Manager.

prefix.BS and prefix.MEnn are generated by Patl)yn or PolDyn to contain "spe-

cial" element information. These tiles are treated as- read-only by subsequent
modules, and can be shared among diftirent versions ot a problem using the same
geometry and gridding. Also. the prefix.MEnn tiles are read only by the Potent
module. and nuav he deleted it' no further potential solulions are anticipated.



prefix.PTn files are used to store current mai'cropaiiilec Inlormation.

prefix.POTG, prefix.lP()S, and prefix.CUR store time histories of spatial poten-

tials. surface potntiak. and surface currents.

User-modifiable input tiles include

Dcfault Name Module Generated By

caddynin Patl)vn DynaPre
caddynin Poll)yn l)ynaPre

psin Potent DynaPre

pg_in PartGen DynaPrn
tr in Tracker DynaPre

tr traj in Tracker I)ynaPrc
ohlpotl i ( )hi•M I I l)vnaPo,!

Names for standard output file-, are defined by the user.



2.2. Handling Input and Output

The modules of I)ynaPAC are conveniently divided into computational niodules
(such as PatDyn, Potent, PartGen, Tracker, and ObjPotl). and interactive module,, tuch

as GridTool, DynaPre. Scanner, and I)NnaPost). The computational modules read their
parameters and directives from standard input and write Imostly diagnostic) inforrma-
lion to standard output. For these modules it is convenient to obtain an initial input
stream (from l)ynaPre or l)ynaPost) and use the UNIX editor for subsequent
modificatio.is of parameter values. The interactive modules obtain user input through
the screen handler, and produce output via screen display, graphics files, or ascii tiles.
We assume the user is familiar with the standard UNIX utilities, and describe here
how to use the l)ynaPAC Screen Handler and the graphic, display interfaces.

2.2.1. Using the Screen Handler

The screen handler provides a method of displaying parameter values to the uer
in a convenient and well organized form. while allowing him or her to alter the Nalue,
directly on the form. The scheme works on terminals. terminal windows, or terminal

emulators

2.2.1.1. Appearance of the Screen

Figure 2.2 shows a typical screen. On the top line appears the static top level
menu for the module being run. Below that (in reverse video where available) is the
"annunciator line", which occasionally contains useful messages about the process
being performed. Second and third level menus and screens are superimposed on one
another, with only the lowest level menu accessible to the user. Menus and screen,s
vary in size from small pulldowns to the entire area below the annunciator bar.
depending on the space required for their function.

II



winterm J
A Exit Print

PLOT EDITOR

Output Mode: FILE Data File Prefix: slabs

Output File Name: Sctnner .out Data File Type: DYtNAPAC

Data Representation: _2 nODE Data None: POTGrid
Window Manager: Xl1 Data Type: SPATIAL

Plotter: GLDr ai
Cut Plane Offset: 5.0000 Primary Grid: Nx= 9 fly= 9 tiz= 9
Diag Level: I Cut Plane Normal: Y

Horizontal Axis: X
- Options --------------- Vertical Axis: Z

GRID LIMITS LABELS :&- INCLUDES
CONTOUR LEVELS i i*
CONTOUR HARKS

--- •, ~SmallI Plot Fraone: '
-• ake Plot for Iris: NO

Color termnarl : YES

Figure 2.2. Example of DynaPAC screen.
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2.2.1.2. Types of Fields (with Examples)

Several types of lields appear on the screens:

Static Fields are useed to describc or illuminate the contents of the screen, and are

not selectable by the user. For example, the maximnum grid dimension, arc

displayed in the "Plot Edit - Grid Limits" subinenu for user convenience.

and may not be changed.

Value Fields contain numerical or ascii values. The values may be modified bN
positioning the highlight over the value field. selecting the field (with a

<CR>). typing the new value, and affirming the entry (with a second .CR>v
The screen handler perfornms some validity checking on salue field entrie,,
Examples of value fields are "Plasma Density" and "Plot Title."

Toggle Fields are value fields with a small number of predelined valid entrics

Toggle fields are modified by selecting the field (as above), using the spa-
cebar to "toggle" through the possible options. and selecting the desired
option (with a <CR>). An example of a toggle field is "UNITS", which ma\
take the values "METERS". "CENTIMETERS". "INCHES". "FEET", or
"OTHER". tIn this case. choosing "OTHER" results in display of a %alue
field to enter the desired unit in meters.)

Menu Fields result in display (f a lower level menu. Selecting the "Edit Script"
field fcsult,• in display of the input parameter-, for a compulational module
for user inspection and modification, Similarly, selecting the "Edit Plot"
field allows the user to choose the parameters of a plot.

Action Fields result in some action taking place. "Read" causes pre ious
relevant parameter or option values to be read from DynaPAC tiles. "Write"
causes the results of an interactive session to be written. "Make Script" or
"Make Plot" cause an input stream or plot to be generated and written on the
appropriate file. "Show Plot" causes spawning of a shell to run the currently
selected graphical interface program. "Exit" results in escape to the parent

menu, and "Help" sometimes gets display of a rudimentary help file. Action
fields of the form "Run Program" generally do not work and should be

avoided.

2.2.1.3. Navigating the Screen and Menu Tree

The screens and the imenu iree aic navigatcd uing the letter keN,, "h", "j', "k",

and "I", the Enter <('R> key. and the ",scape <ESC'> ke\.

The letter keys move the highlight respectively left, down, up. and right on the
current screen or menu. In general. if' the requested motion is not possible the screen

handler will perform an alternate motion (e.g., up instead of left) or will wrap around.

I I



The Enter <CR> key is used to select a field or to affirm the modified value of a
previously selected field.

The Escape <ESC> key is used to restore the previous value of a currently

selected field, or (if no field is selected) to signify completion of action on the current

menu or screen. Escape from a menu is usually to the parent menu. but may result in

display of another menu at the same or a lower level if the context is appropriate.

Some menus will not honor the <ESC> key, but require selection of the "Exit" field.

In particular, the top level menu does not accept the <ESC> request.

Key Action 1

h Move left (or up)
Move down tor right)

k Move up (or left) io
I Move right (or down)

<CR> Select field (for modification or action)

<CR> Accept new value tor selected field
<ESC> Restore old value for selected f. ,d I

<ESC> Signify menu completion

2.2.2. Displaying Graphics

DynaPAC modules write graphics commands to the tile fort?.", from which they
may be read and executed by any of several graphical interface programs. The graphi-

cal interface programs may be executed by the "Show Plot" menu selection from the
interactive modules, or directly front the UNIX shell. In the former case, the

correspondence between plot interface name and executable interface is defined by the

SDYNAPAC/bin/define_plot_readers file. Note that the "Make Plot" selection appends

a plot to the "fort.2" file. and the "Show Plot" selection resets the file pointer to the
beginning of the file. Thus. the first "Make Plot" selection following a "Show Plot"

slectio6n clicetively cra,,e• all previous pls.

Currently favored graphical interlace programs are listed below. Where not oth-

erwise specified. frame ad\ance is accomplishcd by a <CR>.

GLDraw or IRIX Plot displays plots through calls to the S(;I 0, library. The
plot window may be moved or rc,,ited (with rescaling taking effect on the
following frame . Frame advance usle the right moue butllon.

XDraw displays plot,, through calls to the XLib and XToolkil. The plot window

may be moved or resized (with rescaling taking effect on the following
frame). Frame advance uses any mouse button.

Tek4xxx (where 4\,.x is 4014. 4105. 4107, 4207) sends to ,tandard output graph-

ics coinuniiands apprloprialc io the ,pecilied Tektroni\ lerminal. The framc
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advance commaid is <CR>.

PostGray and PostColor generate PostScript commands on standard output- The
formner replaces the color scale for contour levels with a monotonic gra.t
scale. (No pause for frame advance.)

Adobe generales (on standard output) commands which can bk made acceptable
for input to the Adobe Illustrator program. (No pauc for franic advance

SunCore and SunPix display graphics commands in the SunView windowing
environment. The frame advance command is <CR>.
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2.3. Defining Objects and Grids

The first two tasks of a DynaPAC simulation are to define a spacecraft or test

object as a boundary surface representation, and to define a grid structure about the
object. DynaPAC provides no object definition facility, but accepts definitions pro-
duced by other codes. Presently supported are PATRAN (a commercially available
finite element analysis code) and POLAR (a spacecraft charging analysis code
developed by S-CUBED for the Air Force). Other geometry definition codes may be

supported as requirements dictate.

DynaPAC's GridTool module is used to define an arbitrarily nested grid structure
about the object. With the definitions of object and grid established, the PatDyn (for
PATRAN objects) or PolDyn (for POLAR objects) module is run to analyze the
geometrical configuration and establish the DynaPAC database.

2.3.1. Defining Objects using PATRAN

Object definition for DynaPAC is identical to object definition for NASCAP/LEO.
For tutorial exercises on uwon- PATRAN to define objects, the reader is referred to the
User's Guide to NASCAP/I,' O. Here we give only the specific requirements that the
object must satisfy.

The user must construct the object surface using linear triangles (TRI/3/icond)
and linear quadrilaterals (QUAD/4/icond). The PATRAN "configuration code" is
interpreted as the "conductor number", the PATRAN MID is used as the material
number. The object should have no free boundaries, and all surface normals should be
consistently outward. Nodes should be equivalenced as appropriate, and "COMPACT"
a:nd "ELEM COMPACT" operations should be performed prior to writing the neutral
tile.

The PATRAN neutral file (output as "patran.out.n") should be renamed to
'pre ix.neu". A material file which associates material names and properties with the
material numbers assigned using PATRAN must appear as "prefix.mat". The material
tile contains two types of packets:

1) A one-line packet consisting of an integer (MID) followed by a material name.
PatDyn then associates the material name with all surfaces have the MID. If the
material name is defined in PatDyn's material database, its default properties are
assigned. If not, a warning is printed.

(2) A four-line packet consisting of a material name (which must have already been
assigned an MID) followed by three lines of material properties in NASCAP/LEO

format.

Figure 2.3 shows an example material file.

I Alum
2 Kaplon

I 0



3 Teflon

4 NPaink
5 Silver
6 CPaint

7 Gold

8 Aquadg

Gold

I _),.00 I,- .79.-.88-.8,88.79_.92

53.48,1.73,.413,!35.,.O00X)29,-I., .LE+4.2.E+3

I-E- 13, .. L E+3,20.

Figure 2.3. Example material file, using 8 pre-defined material niames. then

redefining the properties of "Gold,"

2.3.2. Defining Objects using POLAR

It is simpler, although more restrictive, to use POLAR to define DynaPAC

objects. The procedure is:

(I) Define a valid POLAR object using POLAR's VEHICL module. Be sure that all

POLAR checks are passed, Be sure to correctly deline the DXMESH parameter.

(2) Keep POLAR output files "fort.21 ". "fort. 17", and "fort. I I". Rename "fort.21" to

"for.8" (my fort.21 fort.8). Make extra links to these tiles to avoid their being

deleted.

(3) No extra material file is needed. The material names and definitions will be read

directly from the POLAR files.

(4) Run GridTool and PolDyn as described below.

2.3.3. Creating Grids using (;ridTool

233.1. General

GridTool allows the user to define a grid structure for an object created by
PATRAN or POLAR_ It runs in a "screen oriented input" mode on UNIX machines

with standard ASCII tcrminals or emulators, and displays graphics using any of the

plot display interiace modules. A Silicon Graphics Iris version with interactive graph-

ics was developed fbr an old SGI configuration. but has not been updated to the

current SGI windowing system.

Many of the fborms or screens shown in this file are slightly out of date, and. in

parlicular, the graphical options do nol aplpear. The (diferences in the current forms
should he self-explanatory.
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2.3.3.2. 11O Files

GridTool reads the neutral file (suffix .ncu) (renamed from "patran.out.n") from

PATRAN, or the files fort. II. foil. 17, and foil.8 (renamed from fo;1,2 1) from POLAR

It creates two output tiles (sulfices .grd and .obj). The output files are also read in for

a restart run.

File Contents

<pretix>.neu neutral file froin PATRAN
fort. I I POLAR file

fort. 17 POLAR file
fort.8 POLAR file fort.21

<pretix>.grd grid parameters (ASCII text)
<pretix>.obj surface information (ASCII text)

The user will specify <prefix> which will be the same for all three tiles. The

prefix.grd file will be read by PatDyn or PolDyn to define the grid structure. The
prefix.obj file is used only for restarts of GridTool.

2.3.3.3. GridTool Capabilities

GridTool presently has the following capabilities:

I. Create and modify a primary grid around a PATRAN or POLAR object.

2. Add and modify a child grid.

3. Delete a grid along with all of its child grids.

4. Restart from an existing grid structure.

5. Graphically or tabularly display the current structure.

2.3.3.4. Running Grid rool

It is best to illustrate how to use GridTool by going through an example. Let's

say we have a neutral file generated by PATRAN, and the file name is 'Cube.neu'.

Now. start up GridTool. The first screen will be displayed with the following menu:

Ex IE di~t IShow IWrite IRese~tj pI



Should the 'Help field he selected, the following screcn vIIl hc ds•played:

Grid Fool Help

Exit Leaving Cin~o

Files Set tile prefix

Show Show the grids defined so farS.................... .......... . . .............................................-........ ......
it . Edit grids structure

-Show -- •w paraimeters of curent grid

Add add ncv child grid to ihe current grid

D)elete delete current grid and it,; children (if any)

Modify I modify pa;ameters of current grid

Write Write current grids to file <Prefix>.grd

SReset Reset everything to defaults (to start all over)

P,-IHp This screen

Normally. the sequence of commands selected are: I ) Files: (2) Edit. 13) Shok.
(4) Write, (5) Exit. Let's now go through these steps.

2.3.3.4.1. Files

Select 'Files'. The default prefix, to'f" is shown. -fit <RET> to change it, and
type in the correct tile prefix which, in this case, is Cube . Then hit <ESC> to Cxit
this menu. A new form with two toggle fields is then popped tip:

Neutral tile lype: PATRAN

Units used: meters

Let's say the units used to define the object was in inches. We then would move to
field saying nieters' and to change it to 'inches'. Again. hi! <ESC> to exit this f'orn,

2.3.3.4.2. Edit

Select 'Edit'. The default current grid (parent grid) is grid #1. Since we have
not defined any grid yet. stall from grid #1 is a must. Hit <ESC> to exit this form. We
will then be in the following pop-up menu:
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Exit i

Show

Add
l~lete !

Here

Exit will exit this menu (,,anm as hitting <ESC>) 1

Show will show current grid parameters
Add will add a new child grid to current grid

Delete will delete the "urrent grid and its children
(cannot delete primary grid)

Modify will modify the current grid

(can only modify empty (childless) grids)

Let's select 'Show it see the current grid parameters. The following form will

he shown:

7Current gnid # I
Mesh Size (m) 0.0254

l)imension 5 5 5

tC, Child Grid d j

Hit <ESC> to exit this form, then select "Moditv io make some changes. We will see

the following Modify form:
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Modifying PRIMARY grid

Grid dimension: 5 5 5

Mesh size: 0.0254

Object extent in grid units:

2.5(X)0 <= X <= 3.5000

2.5(Y00 <= Y <= 3.5000

2.5(XX) <= Z <= 3.5(X)0

TRANSLATE OBJECT

ACCEPT CHANGES

IGNORE CHANGES

We now can move around the form making changes. Say we want to change

grid dimensions to lOxlOx2O, mesh size to 20cm. The form now shows new extents
of the object within the grid. Let's also say we want to translate the object 8 mesh

units in the -Z direction. Select 'TRANSLATE OBJECT', change Dz to -8, hit
<ESC>. Finally, Select 'ACCEPT CHANGES' to save the changes made (or select

"IGNORE CHANGES' to restore previous parameters of this grid.)

Enough for modifying grids, now let's add a child grid. Select 'ADD' to see the
ADD form:
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New child grid # 2

Parent grid dimension: 10 10 20

Grid limits on:

(Parent Grid) (Primary Grid)

5 <= X <= 7 5.0000 <= X <= 7.0000

5 <= Y <= 7 5.KX <= Y <= 7.00(X)

10 <= Z <= 12 10.(X)00 <= Z <= 12.0000

Subdivision Ratio: 2

RECALCULATE

CHECK OVERLAPS

ACCEPT GRID

IGNORE GRID

A set of default parameters have been set to this newly created child grid. Some

parameters of parent grid are incluaed in the form to help us figuring out the location

of the child grid. Again, we can move around the form making changes. Other func-

tions include:

RECALCULATE update the form.

CHECK OVERLAPS check overlaps between child grids
(not relevant here because we only have I child grid).

ACCEPT GRID save this child grid.
IGNORE GRID ignore this child grid.

Let's say we are satisfied with 2 grids. Select 'Exit' to exit.

2.3.3.4.3. Show

The SHOW option allows either tabular or graphical display of the currently

defined grids. In this case, we will illustrate the TABLE option.

Select 'Show'. Then select TABLE from the pulldown menu. The default is to

show parameters of all defined grids, but we may choose to look at some subset as

well. Exit current form to see the defined grids:
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There are 2 grids defined

Grid # I

Nx 10 7

Ny 10 7

Nz 20 7

Parent 0 1

Mesh Ratio 1 3

Mesh Size 0.0200 0.0X)667

Limits(in parent grid)

Range X 1, 10 5, 7

Range Y 1, 10 5, 7

Range Z 1, 20 10, 12

We could go back to TEdit' again to make changes if we are not pleased with the grids
shown. Otherwise, select Write' to write new grid structure to tile. This will result

in 2 files being created: Cube.grd and Cube.obj.

2.3.3.4.4. Exit

Select 'Exit' to exit GridTool. Now, we have three files:

Cube.neu neutral file (input)
Cube.grd grid parameters file (restart file)

Cube.obj surfaces data file (restart file)

The Cube.grd will be:

2
1 l1) 10 20 0 1 10 1 10 1 20

1.00000 10.00000 I.O(X000 10.00000 1.00(•(X) 20.)00() 2.00000E-02
I I
0. 0. 0. 0. 0. 0. 0, 0. 0. 0. 0. 0. 0. 0, 0 . 0. ) 0 . 0,
2 7 7 7 1 5 7 5 7 10 12

5.000W0 7.00)00 5.0(1XX0 7.00000 10.(00X) 12WOW AX) 6.66667E-03

3 3
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0, 0.( ). D. 0.

2.54000E-02 2.540)OE-.02 2.54(N03E-02 0. 0. 0.160WO(1 2.54000E-02
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The interpretation of the prefix.grd file is:

Line(s) Field(s) Contents

I Total number of grids defined

2-5 Grid I parameters

2 1 Grid Number
2 2-4 nx. ny. nz
2 5 parent grid number
2 6-! 1 limits in PARENT grid coordinates

3 1-6 limits in PRIMARY grid coordinates
3 7 mesh size Imetersi

"4 1 mesh ratio with respect to PARENT grid

4 2 mesh ratio with respect to PRIMARY grid

5 reserved for future use

6-9 Grid 2 parameters (as 2-5)

10 1-3 Object size in meters
10 4-6 Object center relative to primary grid center Imeters]
10 7 Unit conversion factor

2.3.3.5. Afterthought Object Translation

A common occurrence is that, after a grid structure is mostly or fully defined, the
user will decide that a grid translation is needed. This can be done in the files
prefix.grd and prefix.obj:

1. Write out the grid structure and exit GridTool.

2. Modify fields 4-6 of the last line of the prcfix.grd file to reflect the desired object

translation [metersl.

3. Modify fields 4-6 of the second line of the prefix.obj file exactly as in step (2).

4. Restart GridTool to display and check the new object position.

2.3.4. Processing Objects with PatDyn or PolDyn

PatDyn or PolDyn should be run in a directory containing only the output files
from the object definition program and from GridTool, plus a small input file (which

can be generated with the CadDyn option of the DynaPre module). Normally, only the

PREFIX card is needed. The other options are for diagnostic purpoes.

The input options to PatDyn and Poll)yn are:

COMMENT
Ignore this card.

DIAGNOSTICS

Print (a large amount of) diagnostic output.
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ECHOtl
Echo the neutral tile.

END
Conclude option input.

HELP

Print the availablc options.

NOECHO

Do not echo neutral tile. (This is the default.)

NOPR(O'ESS
Stop before generating any matrix elements

OFFI)IA(l

Suppress ofl-diagonal eleienin between surfaccs

PREFIX prefix
l)eline the tile prefix for this run.

PROCESS ix jy kz GRID igrid

Proceed as expeditiously as possible to process the requested special element
(tor diagnostic purposes).

REMARK
Ignore this card.

PatDyn or PolDyn will write an output file of diagnosýtic information which you

may use to monitor its progress. It will initialize the DataBase files, and create the
prefix.DP. prefix.HI. prefix.BS, and prcix.MEnn (one for each grid with special Cie-

mrients) files.

Early in execution of the object delinition interface tile, an important quantit% to
monitor is "NSpec." (You may "grep" for it.) This is the initially determined number
of special volume elements. The current estimate is printed three time,, for each grid,
The limit on special volume elements is 40t95.

Many of the "error encountered" nessages correspond to cells originally thought
to be special, but on careful examination turned out to he full or empty. This mesage

is particularly likely when an object surface is coincident vith a grid plane. The final
determination (of special, filled, or empty) is usually correct.
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2.4. Calculating Potentials

The Potent module of' lDnaPAC is used ito calculate potenti,&k in the space

around the spacecraft. Normally, all surt'acc potentials are held ait fixed potential.
However, it is possible to specify fixed electric field at insulating surf'aces, or to allow
spacecraft potentials to chang ,e in response to plasma current,;. Several ways of' deal-
ing with space charge are providled], and a(lvdnced users are encouraged, to extend these
capabilities.

2.4.1. Using DynaPre [[PSI to Specify Initial Potentials

When the [PS option is chosen from thle lDynaPre top mecnu bar, the following
options are presented:

Exit
Return to the lDvnaPre top mnenu bar-

Read
Read initial potentials previously written to the lDynaPAC D ataBase tiles.

Write
Write initial potentials into the lDynaPAC lDataBase tiles. This option must1
be chosen prior to exiting IPS, or the new specification will not take etffect-

Conductors
Specify initial poientials for conductoirs.

Insulators
Specify initial potentials for insulators.

Show Table
Show the Initial po(tential table.

Reset
Set all cells to fixed potentials of' /cro -volts,

Help
No help is current ly mi ipciiented for I PS,

The most common initial condition setting is to set all conductors to thxed poten-
tials. This, is dlone with II'S as follows:

I Choose 'Conductors"' from the pull-down menu . ~Select with <CR>,

(2 Choose "Set" from the "SetlAdjust" mienu- Select w~ith <('K-,_ (The "Adjust"

selection is used]. for exsample, when the charge on a sysleIc (fl bliasd conduelto:
is, to be initiali,.ed.

(3 The conductor potential screen now appears as shown In tigure 2 4. The "BC
Type" column Is a toggle between tile values "Fixed Potential" and "Biased
Potential" If' you wish I fixed potenitial s alue, choose "F'ixed Potential" and enter
the ';alue in the third columin. If- No0 is to bias thle conductor relative to



another, choose "Biased Potential" and enter the relative ýalue and the conductwr

number to which it is biased. (The potential difftrence of biased conductc.+, will

remain fixed when conductor potentials change.)

Cond. BC Type Value Biased From

I Fixed Potential 0.(XX)E+(X) 0
2 Fixed Potential O.0(X)E+(X) 0

3 Fixed Potential O.O(X)E+(X) 0

4 Fixed Potential O.({XJE+(Y) 0

Figure 2.4. Conductor potential screen.

(4) After achieving the correct array of insulator potentials, ,ignify completion w ith
the <ESC> key. You will be returned to the main IPS pull-down menu.

(5) Choose "Write" to enter your potential conditionsý into the DvnaPAC DataBae,,
files.

You may now wish to change some insulator boundary conditions.

(6) Select "Insulators" from the pull-down menu.

(7) You are given a screen to specify the range of' conductor numbers and the range

of material numbers to which your changes will apply. (Only insulating materials
will be affected.) Alter the screen to suit your wishes. and signify completion
with <ESC>.

(8) Select "Fixed" to apply fixed potentials, or "Float" to apply fixed electric field.
(Non-zero fixed electric field may be specified.) The remaining choices are "Nor-

mal" (to further narrow the range of cells to which the condition is applied) and
"Edit" (to specify condition cell by cell for all cells in the range).

(9) Enter the value of potential or electric field. Signify completion with <FSC>.

(10) To see the result of your entries, select "Show Table." The table displays the
matrix of conductor numbers and material names with the iPS x)ecification for
each matrix cell. The entries are:

Table Entry Meaning

(Blank) No such surfaces
(Real Number) Fixed potential value
FLOA Fixed electric field (ol' sonic value)

MIX Surfaces have differing vpecifications.

(l) Choose "Write" to enter your potential conditions into the l)ynaPAC DataBae
filies,

IPS writes a file. "ips.out." with caimnpllec cell hy cell apecitication of the initial
potentials.
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2.4.2. Using DynaPre [Potenti to Create Potential Solver Input

Select "Potent" From the top menu of the l)ynaPre module. Select "Edit Script"
from the resulting pull-down menu. The potential solver input screen shown in figure
2.5 will appear, Modify [he input screen to suit your needs. Exit from this screen

with an <ESC>. Then select "Make Script" to write a fully commented input deck for
the potential solver. Subsequent modifications to the input deck are conveniently done

with the text editor.

Here is a discussion of the potential solver input parameters.

Run option:

This toggle field takes the values "New" or "Continue." "New" must be specified
for the first potential run on a DynaPAC tile set. "Continue" can be specilied
(and is usually preferable) on any subsequent run, even if IPS has been used to
change surface boundary conditions.

Algorithm:

The potential solver can operate in "32 Node" (continuous electric ficld) mode or
"8 Node" (trilinear potential) mode. Other modules do not support the "8 Node"
potentials. although the potential solution is much faster. It has not been demon-

strated that solving potentials with the 8 Node algorithm and then switching to
the 32 Node algorithm saves any time.
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winterm
A! Exit CadDyn IPS " - PartGen Tracker Help

Potential Solver Parameters

Comment: : f .5. Pei S m .
Run option: NEW Debye Scaling: LOCAL
Algorithm 32 _NODE Solution Mix: 0.000E+A0
Problem type: LAPLACE Wake Effect: OFF

Convergence criteria: Environment: timer:
Maxits = 10 Temp = 1.000E-01 Diagnostics:
RdRmin = 1.000E-03 Dens = 1.000E+I1 Initial: I
RMSmin = 1.000E-02 Debye = 7.434E-03 Final: : I
Haxitc = 40 10 files : SCG :I
PotCon = 2.00DE+00 PS input : ps-in Screen : 0
DebLim = 2.000E+00 PS.output: ps-out Special: 0
Cony. Fffect: ON Time parameters: Interf : 1

Selected Grids: Start = 0.000E+00 Wake : 1
From # 0 to • 0 Rise = 0.OOE+00

Fall I.O00fE+30

Figure 2.5. Potential solver input screen from the DynaPre preprocessor.
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Problem Type:

This toggle field describes the space charge function to be used in the potential
solver. These are implemented in the subroutine rhoofp.f'. Available choices are:

LAPLACE - Zero space charge.

LINEAR - Linear Mi)cbvc) screening.

NON _LINEAR - Standard equilibrium space charge formula.

FROZEN ION - Ion density is everywhere equal to the ambient plasma density.

Electron density is exp(ý/O) for negative potentials.

TRACKION - Ion density is taken from particle tracking results (array

RHO Ion). Electron density is exp(I/0) for negative potentials.

EXPLICIT - Both electron and ion densities are taken fromi particle tracking

results (array RIt( Ion). ("Full PIC.")

SHEATH WAKE - Ion and electron dlnsiilcs arc calculated with orbital motion

(i.e.. the wake of the spacecraft sheath and its effect on currents) taken into

account.

SPECIAL - D)evclopmental space charge option. Presently. this option is similar
to the SHEATH WAKE option. hut uses tracked electron densities (array

RHOElec) in positive potential regions.

Convergence criteria:

Normally only the two parameters "Maxits" and "RMSmin" are varied from their
default values.

Maxits - The tnaximtum number of irajor. or "space charge" potential iterations to

be performed.

RdRmin - The value of the "Ri)OTR" parameter below which the potential will

be considered converged.

RMSmin - The value of the "RMSERR" paramcter below which the potential will

be considered convcrgcd.

Maxitc - The maximunim number of minor iterations within each conjugate gra-

dient solution,

PotCon - The number of orders of magnitude that the RI)()TR drops within each

major iteration before it is considered converged.

I)eb.lin - The numihetr ( It)chyc screcning lcngths allowed per ,- /01W The varior,
space charge lreiatmentcs limit the amount of' space chargc in a /one in accor

dance with this parameter.

Con,. Efltcl Whether the analytic traJcetory convergence trcatment is used in

the NON LINFAR problem type.



Selected (rids.

It is possible to apply the potential solver to a suhsct of the 1)ynaPAC gnds.

This option has not been fully tested.

Debye Scaling

The "DebLim" parameter (see above) may be applied based on the local "rid

spacing or on the primary grid spacing.

Solution Mix

For problems which do not converge well this parameter allows admixture of the
solution from the previous major ("space charge") iteration at the end of the
current major iteration.

Wake Effect

This option is to be turned on to take account of spacecraft motion. It bring-,

down a sub-menu to allow the spacecraft velocity to be specified. On a "NEW"

potential run, the wake of the (uncharged) spacecraft surfaces will be calculated.
("Neutral Approximation.") A separate module is used to calculate the wake of

the spacecraft sheath.

Environment

A single maxwellian environment is specified in terms of plasma temperature

[eV]. plasma density I[m- 3 and i)cbyc length Inl. Only two of these parameters
are independent. l)ebye length will be automatically recomputed follouing

change in temperature or density. D)ensity will be automatically recomputed fol-
lowing change in Debye length.

1O Files

The PSinput name is the name of the file to be written by the "Make Script"
selection from the Potent pull-down menu. PS_.output presently has no effect

Time Parameters

For time-dependent problems conductor potentials can be modified (relative to

IPS settings) by a pulse-shape factor. This is done in subroutine setcnd.F. The

expression cunrently used is

P(t) = PCond*I I .-exp(-(t-tl )/t2)1*exp(-(t-t I )/t3)

where t I is start lime Isecondsl
t2 is rise time Isecondsl
r3 is fall time tsCcondsl
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(A rise-time of zero indicates that no time-dependent factor is to be applied.) The
time parameter, t, is advanced by the Tracker module.

Timer and Diagnostics

These parameters govern optional printout fronm various portions of' the potential

solver.

2.4.3. Operation of the Potential Solver

In this section we discuss the operation of the potential solver from the point of
view of monitoring its progress.

it is not recommended that the potential solver he run from within DynaPre. If
"D)ynapac.setup" has been sourced. run the potential solver with

Potent < ps in > ps out

Otherwise, use

SDYNAPAC/Potentcputypc < psin > ps out

where cputype is either SUN4 or IRIX.

A potential solv'er run consists of an initialization phase. a number of major
("space charge") iterations of the potential solution, and a brief exit phase. In the ini-
tialization phase, the input parameters are read and echoed, and the DataBase informa-
tion is processed. Grid information (mesh size and sheath potential) is printed. The
grid interface pairs list is formed and printed. Conductor potentials are printed.

At the beginning of each major potential iteration the space charge function and
its derivative are evaluated cell by cell, and the conjugate gradient process is initial-
ized. The "initial rdotr" is a measure of the current error in the potential solution. For
most cases the "initial rdotr" should decrease monotonically beyond the first few majoi
iterations.

During the coniugatc gradient process (governed by subroutine psscg.F) the
"rdotr' parameter is printed for each minor iteration. This parameter should generally

decrease, but for most cases will not decrease monotonically. The command "grep
rdotr ps out" is a good way to check on the progress of the potential solver. The con-
jugate gradient process is deemed converged when the criteria discussed above (usually
two orders of magnitude decrease in "rdotr") are satisfied.

We are now ready to conclude the major iteration. rhie most i oic-consuiiing

task is to calculate and update surface electric fields, which are held fixed during the
con'ugate gradient process. This requires a full matrix operation (performed by sub-
routinc ccoprd.F). as the electric field value is related to the residual for the
corresponding potential. ['he field updates subject to several restrictions) are per-

tormed bK subroutine cupdat F The new surface potentials and ields are printed- The



difference betw-een [he new and previous potential ,olution,, are expresed a rný•t-

mean-square errors. and are printed grid by grid C+grep RMS ps out' ý and ,terall

"grep rnlSeiT pS.Out"). It the root- niean -square error, remain constant. "lut ion -

mixing may ameliorate or solve the problem. (A particularly large "RMIS Error-t" ir a
particular grid may or may not indicatc a problem in obtaining a solution.)

"The Potential Solver is ready to conclude wfhen the requested number of manlr

iterations have been performed. or when the "riis+rr.. has bcn reduced below it,,

minimum value. Bv default, (he central Z-:ýlice po•ential,, and electric ficld, are

printed for each grid. In these printouts three values are printed for each grid point:

the potential value appears at the print position correponding to the grid point, the x-

direction potential gradient Ivolts per meter] is printed to the right of the grid point.

and the y-direction potential gradient above the grid point. The i-dircction potential

gradient does not appear.

2.4.4. Using Scanner to Display Potentials

The Scanner module is a general interactive utility to emtract and display ,urtace-

cell or grid structured information fromn m he DataBase. Its imain use. hoecr. i,, to

plot potentials.

The top menu bar of Scanner contains the selection, "Exit." "Print." and Plot

With the "Print" selection, virtually any surface or spatial array known to the [)atalBase
Manager can be printed. The print facility is primarily used for diagnostic purpoe,,.

and is fairly self-explanatory.

When "Plot" is selected, a pull-down menu is selected with the options "Exit.

"Data Info,". "Edit Plot," "Make Plot". "Show Plot." Each ot these options (excluding

"Exit") should be selected at least once prior to selecting any of those below. The

options chosen for "Data Info" and "Edit Plot" are saved (upon exiting Scanner) in the

tile "preliN.scan." If you are making a few different plots, you may wish to make a

copy of this file for each plot. and copy it back to "prelix.scan" to efficiently recen-

crate your plot options.

The "D)ata Info" selection allows you to choose the quantity to be plotted and the

normal direction to the plot plane The "Data Name" field is a toggle field, currentlk

having the options POT Grid (potentials). RIt() Gl (ion densities from wake shadow-

ing calculation). RHO Ele (tracked electron densitics.) RHO Ion (tracked ion dcn,si-

ties). NONE (plot gridding only). and (*['ItER tallow ing user specification of another

name).

The "J'dit Plot" selection gives the user a great deal of control over the plot.

Most of the options are reasonably ,eff-explanatory. lie sure that thie "Windov

Manager" anti "Plotter" toggle fields are correctly set. Selections under the "Options"

title each bring ulp ai sub-mienu "(;R) ID IIMITS" allows the user to specify the region

of space to be phloled and the units for the axis labels. "CO')NT()t R LEVELS" allow,
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specification of tip to 24 contour ICcls (or C0lor1 boundaries)- "C')NT()UR MARKS"
provides for labeling ft' contour lines. "LAIWt-S & INCLUi)ES" controls the labeling
and appearance of the plot. "'OTHER ( )II( )NS" at present contain., obsolete oir
little-used choices.

The "'Make Plot" selection genermtcs the plot and write,, it (on the disk tile
"foi.2." If there are unmited plot-,, the ncr, plot " ill be appended to the "frl.2"' lile.
If there are no unviCwed ploti, any CXisting 't1r 2)" 'A Ill he overiritici.

The "Show Plot" selection brings up a \hell to run the chosen plot display inter-
face. The tile "fort 2" will remain aftet e ilt iromi the Scanner miiodule. and can be
di,,played or pnnted using anly plot inierf•ctice prnwrai l in ,tand alone ii it



2.5. Generating and Tracking Particles

Macropartcles may be used in lynaPAC for a number of purpo,;Cs including

(I) Studying and/or displaying representative particle trajectories,

(2) Calculating surface currents arising from sheath currcnts-

(3) Studying wake structure,

(4) Calculating steady-staie, self-conitent charge densities.

(5) Calculaling iime-dependent charge densities and surface current,,.

To maximite flexibility, the particle generator and the particle tracker have been
developed as two separate modules. The particle generator defines particle species and
generates particles throughout volumc, along a ,heath surface, along a cots ,.. line, in
accordance with external input, or along magnetic field line,,. The particle tracker %ill
compute the motion of all or a subset of the particles flir a maximum time or gnd

cycling, recording surface currents, and (optionally) ploti in d traicctoric,, accu nulating
steady-state charge density, or calculating new charge density at the updated time.
After the particle tracker is run. the particle files are left wi:h updated particle po,,i-

tions and velocities, and the time and cycle number is updated in the I)ataBase.

Note that there are obvious relationships between the Potential Solver module*,
"Problem Type" space charge options, the Particle Generator module's "Particle T.pe"
options and the Particle Tracker module's "Process" options. It is prct tire to lay
down firm rules about which options correspond. but the user should paý alcntion to

Ihe physical processes modeled and lhe data arrays generated or required in plannimuc a
calculation strategy.

2.5.1. Using Dynal're [Pa.'.;enI to Create Particle Generator Input

The particle generator input screen is obtained with the "PartGen/Edit Script"
selection from i)ynaPre. It is used to obtain a fully commented input deck for the
PartGen module. The text editor may be used subsequently to modify the input deck,

The main scre,.. has selections for the magnetic field, the number of species, and
the name, charge, and mass of each species. l)ensity and temperature will be the
values used on the most recent potential solver run.

Further description of the particle generation process depends on the 'Particle

Type" toggle field. The choices arc:

DEFAULT

(;enerale particles X8 per /onc) representing a uniform distribution of charge.
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SHEATH

Generate particles representing heailh currents. A sub,,cccin will appear to

enter the sheath potential

CONTOUR

Generate particle, along a contour line. (This is usually done in order to

display particle trajectories.) A subscreen will appear to enter the contour
potential and the normal and offset of the cut plane (in pnimary grid units).

EXTERNAL

Read initial particle data from an external file. A subscreen appears for the
file name. The c\ternal file i, read hb, subroutine fedcxi.[: Thu. file format

is

P)oSITION y /

D)IRECTION d(x dy dz
ENERGY energy

"where the position is in primary grid units, the direction need not be normal-

ized, and the energy is kinetic energy in electron volts. Alternatively. the
keyword E_ TOTAL may be used to give the total particle energy. Each
such three card sequence results in definition of a particle. A unit particle

weight is a&ssigned, on the assumption that this input is used only for trajec-
tory plotting purposes-

B FIELI)

The B.FIELD option is used to generate particles where magnetic field lines

enter the computational space. The suhscreeri is used to enter the par.icle

encrgy. the (square root of the) numher of particles fur each boundary sur
face. and the magnetic licld.

2.5.2. Using DynaPre ITrackerl to Create Particle Tracker Input

The particle tracker input screen is obtained with the "Tracker/Edit S,:ripl" selec-

tion fionu l)ynaPre. It is used to obtain a folly commented input deck tor the Tracker

module. The text editor may be used subsequently to modify the input deck.

The main screen has selections for the magnetic field. the number and selection of
species to be tracked. the maximum trajectory time, other limits concerning tracking
fidelity, and limits associated with particle o-igins and trajectory display- There is a
,lot reserved for the particle pushing algorithm, though at present onlk one algorithm
i,, implemented (in subroutine inovpar.F),



The use to Which particle trajectory information 1, put (usuall\ in subrout.ine

savinf.F) is governed by the "lProcess" partainleer %hicih is a toggle licld) _'uricnt

choices for the "Process" parameter are:

SPACE CUARGE

This is the "PIC" option. After each particle has been tracked for the

requested time, its charge is shared to the nodes of its current grid celi. The
charge is stored in the RII() Ion arTay. Special cclls and surface elcient,
are trcated correctly.

TRAJEcT)RIES

This is the option to track particles for the purpose of either displaying their
trajectories or calculating surface currents. A subscreen come-, up to select
the direction normal to the plot. (Only one plot is peoduced.) To obtain a
plot. the "Plot Limit" option (see below) must be specified: otherwise plot-
ting will be turned off.

PLOT PARTICLES

With this option no tracking is performed, hut the current positions of' the
particle are plotted. A subscrcen comes up to select the direction normal to
the plot. (Only one plot is produced.)

TRJ (HAR(;E

This is the option to accumulaic space charge over the entire trajcctor%
length. The space charge is not shared to nodes, but is accumulated as an
element centered array, RHO Elce. Charge accumulates in empty cells onl%.
Special cells and surface elements are not treated correctly.

Other particle tracker options include:

Tracking Time - The maximum time Iseconds] a particle is to be tracked. For time

dependent problems, the time variable will be incremented by this amount-

Max Dx - The maximum distance (in local grid units) a particle moves during a sub-
step. Substep distances may be far less than this value. Electrons gyrating a a
magnetic field move only for a fraction of the cyclotron period. Slow ions may
move less than "Max Dx" in the tracking time.

Max Steps - The maximum number of substeps per particle per iteration.

Max iterations - The maximum number of cycles through the list of grids.

Saving Interval - How often potentials arc saved (by subroutine spainiF) in timc-
dependent problems.
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Particle Limit - Limits in primary grid units) of initial particle locations, Iarticles on.

ginating outside these limits are ignored If not set (all /erocs all paniles skill

be tracked.

Plot Limit - Limits within which particle,, oF trajectories are plollcd. It not ,et tall

zeroes) no plot will he produced by the TRAJECT(ORY process,

Number of Species - Number of species to he týrcked.

Species Code - Which species to be tracked (corresponding to species definitions in

particle generator input).

B field - Magnetic field.

Mixing Factor - For the TRJ CHARGE process. the fraction of the previous

RHO Elec values to mix with the ncl.&Y comiputed values-

TR-input - Name oft tile produced by ",Make Script" selection.

TR output - (No effect)

Tracker Diag - Diagnostic level for Tracker subroutines.

Dynalib l)iag - Diagnostic level for l)vnalib tubroutines,

Timer Level - Frequency of cpu time monihoring.

2.5.3. Operation of the Particle Generator

In this section we brietly describe how the particle generator operates for each
"particle type." pointing to some of the key subroutines in the process. In general,

subroutine inivel.F is used to assign initial velocities to particles. Subroutine con,,rt.F
converts volume weights to charge or current weights.

For the "Default" particle type (IPType li uniforrm density throughout space).
particle generation is under the control of subroutine genpar.F. Actual particle genera-

tion is done by subroutine fndpar.F. Particle weights are proportional to the shadow-
ing factors, RHO GI. Particle weights are charge divided by the perrmittivity of free

space, or Ivolts m1 .

F,,I- the "SHEATH" particle type (IPType=2, paricles generated on potential con-

tour surfaces) particle generation is under the control of subroutine genpa2.F. Actual
particle generation is done b,, subroutine sthpar.F. SthPar varies its procedure if jnagý
nelic effects dominate. as determined by comparing the Larmor radius to the outcr grid

spacing. Subroutine donme.+F determines the particle positions and area weights, also
eliminating high field or bipolar zones. For non-magnetic cases, subroutines inivwl.lE

and dflux.F determine particle velocity and current. For magnetic cases subroutine
magsth performs this function, assigning a "cos 0" factor to account for particles trav-

eling along field lines to reach the sheath surface. Particle weights are amperes.

For the "CONTOUR" particle type (IPTypc=3). particle generation is under the
control of subroutine genpa3.F. Actual pailicle generation is done by subroutine



cntpar.F.

For the "FXfE.RNAL" particle iyp. iPType=4 L pairticl generation is under th1

control of subrountine genpa4.F. Actual particle generation (i.c., reading, the input 1ilec

is done by subroutine redext.F.

For the "B FIFLIY particle type (lPType=5), particle generation is- under the con-
trol of subroutine genpa5.F. Particles are generated onlN on the sur'ace of the outer-

most grid. Actual particle generation is done by subroutine bparts.f. Particle wei'2hts

are amperes.

2.5.4. Operation of the Particle Tracker

The particle tracker operates on the prelix.PTn tilt,, f hich are organi/ed in pages
of ItW)O particles each. Track is kept of how nian\ particle,, oi each page belong to

each grid. An "iteration" consists of looping througih each grid. and within that
through the particles belonging to that grid. Subroutine lrkpar.F super\,ies the track-

ing of each particle by subroutine movpar.F. Each particle is tracked until one of the

following conditions occurs:

(I) The particle strikes the spacecraft.

(2) The particle is found in a grid other than the current grid or its parent. in v, hich

case it is transferred to the new grid.

(3) The particle exits the computational space:

(4) The trajectory time reaches the requested particle tracking time:

(5) The number of substeps exceeds ihe maximnum sub,\tcp number:

(6) For the TRJ ('_CHARGE proces,, if the particle is Ioimd outside the ",,heath," (ie ,
in a region where it has very low kinetic energy).

Trajectories stopped for conditions (2) or (5) above are picked up during the next itera-

tion.

After processing each grid Tracker prints the particle number and total weight for

each of several particle categories:

(I) "new particles" is the set of particles with which Tracker started:

(2) "partially tracked" refers to particles which have not hit the spacecraft or left the

primary grid. These particles may or may not yet have been tracked for the

requested particle tracking time.

(3) "dead" particles are those which struck the spacecraft.

(4) "went off primary grid" counts those particles which have exited the computa-

tional space.

(5) "trapped" is presently a null calegor\, a,, there is no criterion for trapped particles.

Trapped particles appear as "paritall\ tracked."



(6; "unknown status" is another categorv of partlic•es with no known means of

identification.

When Tracker is finished with the rck.que'aled number of itcrations, it prints the

total current to the spacecraft and a tahle apportioning that current by' material

and conductor- Also. a "iit" tile is pinled listing each particle that struck the
spacecraft with it,, vital statistics which mas he used for further processing. The
print and format stalentents for this file ,ma, be found in subroutine wriparF.

If the process invloke,, tralector, plotting. ; ft .2" tile will b, ercated containing

the plot.
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2.6. Using the I)ynaPost Utilities

D)ynaPost is a ucr inrtrface to ih (C'urrents and ()bllotl posiprocessors

The Currents postprocessor is intended primarily for tiic-depeidcit nrohlh.'1s

By reading data from the prelix.Ci R file. it can reproduce the table of' surface currenI

(sorted by conductor anld material number) printed at the conclusion of' the Tra:ckcr

module. It can also create plots of one or more of the table entries as functions of

time.

The ObhPotl postprocessor allows the user to display the spacecraft and the rcu,,ls

for spacecraft surfaces. Plots produced are

(I) ()hjccl oullinc ("wiref ranlic") plot. cI)lor-codcd by m atenalI

(2) Object with surface potential contmur lines dra'wn

(3) Object with surface cells shaded hy material.

(4) Color-coded oblect surface potential,,.

(5) Color-coded surface normal electric fields.

(6) Object with surface cells shaded by conductor number.

(7) Object with surface cells shaded by incident current.

(8) Color-coded incident flux densities.

When ObjPotl is chosen from the top-level DynaPost menu. the user is presented

with a screen from which he can vary input options to ()bjPotl. create an input file. run

(yes, this one actually works!!) 0bhPoll, and view the resulting plot file General

options include a title for the plot. a vector (unnormaltied) from the spacecraft toward

the viewer, and the plot display interlace to be used. B,, default, surface cell number,

appear on plots (I). (3). and (6) ahove; toggles to "AtL.L" or 'NONf" control the

appearance of these numbers. For each plot a "YES/N()" toggle is aýailable to deter-

mine whether the plot is made, in addition plots with no information (e.g.. uniform

potential) will not be made. For the potential. field, current and flux plots, the range

of the color table may be restricted- by default the range with be the range of actual

values found.

The run controls appear in the lower left of the screen "MAKE SCRIPT" writes

a fully commented input deck as "objpotl.in." "RUN SCRIPT" issues (in either fore-

ground or background) the command "0bjPotl < obipotl.in > objpotl.out." creating a

"fort.2" plot file. "SHOW PLOT" spawns a shell to run the selected plot display inter-

face.

On exit a plot tile "fort.2" will remain for disposition by any of the plot displaý

interfaces, and the input and output fifcs from (bhPotl will remain. If the incident flux

plot has been made. the area. current, and flux to each surface cell will be listed in the

file "biPotl _Currents."
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2.7. Time-Dependent IPrblems

L)vnaPAC is intended for time-dependcnt probhlms However. it must be con-

fessed that only one complex time-dependent problem tinvolving mobile ions and

harometnrc electrons) has ever been run. It i,, Iobe expected that any application not

ontirely similar to that one will require some code i'tlification. In this section we

remind the user of the time- dependent I-attu, . of I)ynaPA,('. mois of which were
mentioned above- Remember that the hulk tit a time-dependent prohlcm consist, of

alternate Potent-Tracker runs.

2.7.1. Setting Initial Potentials

In l)ynaPre/IPS, potentials may be set to fixed values, or iheo, may bc set to

"Bias" -values and the "Adjust" options used. In the former case fixcd values). the

pukc-shape options of Potent mIiay •e used it create a time-depcndent multiplier for

the fixed potentials. In flhe latter case ("Adjust" options) the overall object potential

may Change due it) currents incident on the spacecraft.

2.7.2. Running Potent

Potent should be run with appropriate "'Pro•lcm Type". such a,, "TRACK ION"
or •EXPI.ICIT." lowc\cr. IFR(O)Z[iN I()N" or "L.APILACE" may bc more appropriatc

to the iniliali/ing run. RemembeLr to set pulse shapc parametcr, it desired, and. after

the first run. to set the "New or Continue" parameter to "Continue." Also. for the
"Continue" runs you probably will want to set "Maxits" to a low value (such as two or

three).

2.7.3. Running PartGen

Normally. for tlaic-dcpendent problems PartGen will be run alter the initial Potent

"v, ith the "I)EFAUI.T" particle type, corresponding to a uniform charge (dis ributiol,

There is currently no provision for refreshing the particles as they are drained from the

computational space. There also are no current provisions for secondary particles at

surfaces or for ionization products.

2.7.4. Running "tracker

Tracker is the ke,, miodulc for tilnme dependent piohle miss With thC
"SPACE CHARGE" process. a Tracker run will update the timse and timeslep number.

save the surface currents (in the prelix.CUR file), and (in accordance with Tracker

input ) save the spatial and surface potentials.
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2.7.5. Displaying Results

Scanner can display any of the potential arrays saved by the Tracker module.

l)ynaPost can fornm tables and ploks of surfacc currcnt, or their lime hitoric,,.

Tracker may he used with the "PLOTPARTICLES" process to displax current

particle positions. (This is usually done immediately following the

Tracker/SPACE CHARGE run.)
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3. DynaPAC Developer's Manual

This section is intended primarily for users who would like to modify or extend
the capabilities of DynaPAC. There is not much in this initial version. as the contract
has run out of steam.

3.1. DynaPAC Software Structure

DynaPAC has three main portions contained in three directories:

The "dynapac" directory contains all of the physics modules. as well as many of

the utilities. This directory corresponds to the DYNAPAC environment variable.

The "ScreenPkg" directory contains the low-level routines for handling the

interactive screens.

The "Plotters" directory contains the plot display interface routines.

In this manual we will only be concerned with the "dynapac" directory.

3.1.1. DynaPAC Directory Tree

In this section wel describe contents of the SI)YNAPAC directory and its sub-
directories. We use an appended slash (0) to indicate a direclory: absence of a slash
indicates a tile.

I)ynaPAC.setup - This is the file establishing environment variables and aliases for a
DynaPAC user or developer.

Nlakefile - This should make all the l)ynaPAC modules.

bin/ - Directory for DynaPAC executable modules and shell scripts.

dynamake - Shell script which runs DynaPAC Makefiles.

inputs/ - Contains screen definitions and defaults for the DynaPAC interactive
modules.

lib/ - Contains DynaPAC lioraries.

src/ - Contains the source code. object 'Iles. and include files for the DynaPAC
modules and libraries.

src/AddGrid/ - Code to add an outer grid to a l)ynaPAC grid structure.

src/DynaPost/ - Code for the l)ynaPost module.

sr('C/I)vnaPrc/ - Code [Or the i)ynaPre module.

"\rC/I(ridTool/ - Code for the Gridl-ool module.

src/NisDyn/ - Code for object definition interface to EMRC DISPLAY-Il.

src/lbjPotl/ - Code for the ()b Potl module.

src/PartGen/ - Code for the PariGcn module.
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srclPatDyn/ - Code for the PatI~yn module.

src/PolDyn/ - Code for the PoII~yn inodule.

src/Potentl -. Code for the Potent m'odule.

src/Scanner/ - Code for the Scanner module.

src/Tracker/ - Code for the Tracker module.

src/cadlib/ - Code for the library of ob~ject definition interface routines.

src/currents/ - Code for the library of routines used in the I ynaPostlCurrents module.

src/dblib/ - Code for the DataBase Manager library routines.

src/dynalib/ - Code for utility routines used by PariGen and Tracker.

src/ipslib/ - (Code for routines used by lDvnaPre/IPS.

src/s3utils/ - (Code for the low-level utility routines used by all !)vnaPAC module"

src/*/D~bx/ - Source code resulting from processing by the 'cpp" preprocessor.

3.1.2. DynaP'AC Software Conventions

There are many DynaPAC software conventions. Sometimes they are followed.
Other timnes they are not.

Always use "syopen" to obtain a logical unit number and open a file. Get rid of
it with 'syclos".

3.1.3. Modifying DynaPAC Subroutines

Always type ".I.../dynamnake" to remake a module.

In any of' the SDYNAPAC/src/rnadulename directories you will find source tile,
with suffices f', F. and .h.

If" you miodify a .f' subroutine, you may compile ii In the usual way. then type
"./../dynamake" to remtake the imodule. II* YOU do0 no01 Man ual ly com1pie it, 'It should

be compiled by the Makefile.

If you modify a .F subroutine, the Makifile should run the "CPP" processor to
produce Dbx/nanic.f', compile IDbx/nanie.f, and remake the module.

If you alter a .h include file, the Makefile should reprocess all the necessary rou-
tines. Note that occasionally include files are shared between modules.

11f you addI a routine, be sure to add it to the relevant listl in the Makefile,

It' you alter a library routine, you tmay mnanually coimpile it and add it to the
library, or you may type "J.1./dynamake" to take the library apart. compile the routine.
and reconstruct the library.
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3.2. Using the DataBase Manager

The following description of the l)ataliase Manager appeared in the Interim
Report. SSS-DPR-90-11973, 30 September 1990. Check in the iDynaPAC modules for
further example" on the use of the DataBasc Manager,
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3.2.1. Data Base Library

The data base library provides the analysis alnd utilitiC, funIctions nrccessary to

define, manage, store, and retrieve data. In addition to the three callable routines

(dbinfoO, dbdatao, and dbfile0) normally used to integrate the data base into an appli-

cation, a stand-alone driver (dbtool) is also available to interact directly with the data

definitions, data, and their files.

When a DynaPAC module is linked to the data base library, the following rou-

tines provide memory, data, and tile management. The dbinfo() routine is used to
define data base building blocks. Typical information commands define grids, grid

nesting structures, data, lists, and elements. The dbdata() routine is used to
allocate/release reusable memory, read/write from disk tiles to memory, and initialize

data values in memory. The dbfile() routine provides the means to manage the data

files and their contents.

The input to these routines is in the form of strings containing keyword com-
mands. The output is returned to the calling routine via common blocks within spe-

cialized include files. The calling routine saves the information it requires in its own
data structures.

The data base can be thought of as a utility driven by its own keyword input

language. Although some defaults are built into the data base, in most cases, the data

required to perform a calculation must be constructed before it can be used The

dbinfoo routine is used to define data and the dbfileo routine is to define files.

The reader is referred to the data base header file, DBhead, for a complete key-

word definition and current implementation status. Some examples of the use of the
library routines are presented below. The first three demonstrate some data base func-

tions. The final two examples show how a calculation using data in the data base
memory storage area might be used.
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3.2.2. Example: File Definition

The Task

A calculation wants to open a set of DynaPAC files that have the prefix

"DemoFiles" and then close them when it finishes.

The Solution

To open the files, use the command

call dbfile("open prefix=Demo Files")

This command assumes the default file type is "DYNAPAC." A more explicit com-

mand would be

call dbfile("open prefix=Demo Files file_type=DYNAPAC")

To close just the Demo_Files file set, use

call dbfile("close prefix=DemoFiles")

[f desired, errors opening or closing the files can be checked by examining the error

flags in the dbfileO output include file, "odbfile.h". The logical flag, "ldferr", is TRUE

if ai, error was detected. The character string, "cdferr", will contain an error message

after ,:rror detection.
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3.2.3. Example: Definition of list Dependent Data

The Task

Define a Surface List list type data item, "SurfaceCcntroids".

The Solution

To define a data item that is a list, both the list type and the data item must be
defined.

Two definitions are helpful since the list type definition depends on the particular
object being defined, while this data item does not. Since the number of surfaces, or
length of SurfaceList is not given, let's define the data item in steps first.

Define the data type of SurfaceCentroids.

call dbinfo("Define Data=SurfaceCentroids DataType=LIST")

And it is which kind of LIST?

call dbinfo("l)etine Data=Surface Centroids List Type=Surface List")

Each surface in the list has three real values, a location in three space or an offset
from one of the corners. It depends on how the data is used by the application pro-
gram. The data base does not know the difference.

call dbinfo("Define Data=SurfaceCentroids DataDim=3 value_type=REAL")

All three of these commands could be combined into a single command. (Pretend all
of the keywords are in one string and do not have embedded carriage returns.)

call dbinfo("Define Data=Surface Centroids DataType=LIST
ListType= SurfaceList DataDim=3 value type=REAL")

Later when we find out how many surfaces there are on this object, the Surface List
can be defined. If there are 1,001 surfaces, then the data definition can be completed.

call dbinfo("Define ListDef=SurfaceList ListLength=1001")
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3.2.4. Example: Definition of Grid Dependent Data

The Task

Define a grid dependent iata item, "Ion-density", which is element-centered.

The Solution

As in the example before, the data item definition is independent of the grid and

element definitions. The data is defined as being of data type, "SPATIAL". This
implies a different set of data is required for each grid in the problem. SPATIAL data
is defined on the level of an element. Grids are thought to be rectangular lattices with

equal spacing in each direction. An element is located at each lattice point. One of
the predefined data items is one called "ELEMENT CENTERED". We can save some
work defining Iondensity by taking advantage of an existing definition using the

"SAMEAS keyword".

call dbinfo("DEFINE Data=Iondensity SameAs=ELEMENTCENTERED")

The element type, ELEMENTCENTER, is also predefined.

3.2.5. Sample Routine 1

This routine demonstrates how to use statement addressing functions to use the

data in the data base manager.
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cc

do 700 c-0

c * r ead fL ;z -

Z -m n c-~~ de

cc

,Cc tger. informati-rn aboc'-tn t~s
wrize(scomnd,25c"l'

2 ::) -fr-maoý( 'IQ 1 r-- -c _--A:A t-2 Onod e rri ,i5
c all dbi4n f o( s comnP.
nxoor idihi4r (I)
nypat = ii-r2
nzpo:. idihir (3)

cc
7- locp on nodes of potentials

do- 60,] i-z=i-,fzpct

o~. containue

cc*all done with this arid, Wrot":e It Out an: celese its allocat:eci
wrioe(scomnd,70021) ica
f0 format( 'WRITE CLOSE DATAý=oot 20-cr> gr id-=',iE)
c al1 dalb da-t a( s >c, ,-
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10.5 SAMPLE ROUTINE 2

This routine demonstrates how to write a wrapper routine to hide the data base

completely from the calculation routine, foobar(.

s ::routine f

inlu-CLde "cdb n_ .v.-•
include "dmias.r".

27c"

.efine local var:anles
character*12 s nd

Ic "fInd out about gr~cs, save the number of grids
call dbdata("'nc;:re Grid=ALL")
ngrids = ndbtirJ

c- ioeo~ on grids
do 700 igrid = i, ncrids

cc •read in pctentials for this grid
write(scomnd,2000) igria

2000 format( 'READ DATA=pot 20 node grid=',i6)
call dbdatm( scomnd

cc -grab stuff out of output common (ckdbdat.h) which will be useful laner
iofset = idbcffW(

cc gcet information about the potentials in this grid
write(scemnd,2500) igrid

25C0 format( 'INQUI:E DATA=pot 20 rnode grid=',i6)
call dbinfc( scomnd
nxpot = idihir(l)
nypot = idihir(2)
nzpot = idihir (3)

c: *call the calcularinn submodule
call foobar (rdata(iofset),nxpot,nypot,nzpat)

cc *all done with this grid, write it out and release its allocated me.cry
write(scomrnd, 7 000) igrid

7200 format( 'WRo:E CLOSE DATA=pot_20_node grid=',i6)
call dbdata( sccn;nd

is continue

return
e no
subroutine fcocar(pvn20s, n:,ny,nz)
real pot2Cs( ,x, ny, o.

return
end

52



_heZ f ee c

e e S s I

C ~~ f f ~CXi I ~ eeS SJ Wi

e r a se.a tr -_ so r ed ft. n .
~r ~ Cy buta on som7e ms:- _n-.-' w4-
sn Io 323r 7eft ha t a f 0,,. ` a racter Z f Ix W> I,

C3 S

_tem nazre; M.,; .7 Sz~e: 7s
or f da wit I L a cta type name, C'- , e lowed-_7:n
fi_4e 1 t s e par a t byJ t ne space, hi :z-ns-rsc-eo ad
tr-n:ue to 8, characters. If trraincf a name =.rs a

error messacre is aenerated. When a. frain a
mu:nenames, -~ 'stse tne first !ý7oe :c s es

ner.ý wne~n making, dbdata () calls or or.z:ses name

FOr now, soatial 4_e are 3 domnsial
reader zets smarter, keywords usinco mst z W t
enlLOS the listý. F_ r e~xampLe, ?,:;i_~ven 2).

C.. t: is ret',;rne-` v 3 nc'ua t~ s 3w-t ry e orY
th oder of the .r:tnsof th~e files s:-n- -- y

cr.a n e . The names or the var iab I e-s i4n the- f i -- s* c
ccon stýan.t.

it should be notedi t'nso the current: _"ý;ement-ai-I - or t's7e na-res
nas een done in sooný a way th-at .1 'C C~ a

f '~r - mo di4f icaitIcr. s . Ti",me stampos res-om. ly naes an
be. used to group nthtvrwlse I'dert *- a ' v ý_cntifedd=-= ies.
I.' another or ao tra dist ngu-s;q nameswe~re cle-* :ý
tn-Eý -_ime stamp/nare sae could be izaed cao'ý

nnerof differen' andI/or paralle_ se s ,.~ da- -
The relationships of 'he groupings wcu'd b,( dee -- e h

&of submodules or functional ei:cso.

BUG: ? er:r.-s are _fat-al ri-iht now.
L,-;!- all - a-As are fuý 1y i m pIe me n J.

3,I sar ýn a1 2y ~C2~ S d-c 'ume P.t ec

53



C- :fc ':w -':Ig nr-_t:es a r- 4 'c~t t0ch~r ~ AýrCI"'- in u

~r~ e.~rcshave Z- ett::.::_s
N:; mark means i irmple~':ne&i a"rI:~ -a 'een

- Partial r..C'rienteci.R."onsa.

* -Notimo~~-~. Wil ae'-~e a-a.. error .

ar- -I , '-e re r r a l '. e

Sc~~~~;, C:--"ý romr-ee -dat .. xl are aalbei

---nania7 woC~n :soin _yccNŽi:ires.

:fil~ocnc~ nneface rotin.e fl c~o.
ccoCrrr. n,7 ke ywo rd or Ž:dino n str.L r.e:
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F:E YPE~i-yword - Sp,-_.y a file type. (DYNAPAC)
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D !AGNCS'f 1C='Keywcord t- t:rn ON, (()L ~~ns c
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GRID oa eters(n~ote G3P'DfA~ e:s
OýUTSID7 - týhis grud 'S rea
lNS:!?E_-arid name -1 -3~ 7,i LS L n

GRID S_7 7 eal S-L (me -me S e de f n s I~
MESH RAT7IO=integeý r :a cr o Ln716r/i 0 'ýr mesn, u nis Z'*

PRIM RATID=i;nteqe r c _4ne/'Tiari (cr out -.

ORICIvalu v aa 1~ ,a e z-. -- -- t

r - ' i l.-e,-,,- S Fr'

a~ S~ -- i, e

EDGE7 _ECHln~h y,ie~h urcr~:e
al.ong tn,-e grid edoc..z, lncludes e-nt.

- GRIDI"RPrm cu!ter grid anerdltlr. f7un Ct
=0~ for r.cw)

The foillowing it-ems are predefineiJ
(<n-ne> means no default value is sell For thatatrut

Dat~a Tyces [OwnFile=FALSE1
EUF.FER Data types

Name DatTyp VaiType L-en SaveDat -;nitVal .mGrcdDep Tim:ep
BUFFERDATA BUFFER INTEGER 0 F A L SE I o' 1 F1ALSE

LIST Data types
Name DatTyp ListTyp ValType Sav Tat Init'Val Dimn Crd~en _-:
LST DATA L IST <non~e> INTEGER. TPrUE- I 0' 1

SPATIAL Data types [VaiType=REAL, in_,tVai=' 0.0', _SaveDat=TR'UE,
GridDep=TRUE, TimeDep=FALS7E, NumTimSav~l]

Data Type Namne Element Type Name
SPATIAL DATA <none>
NODE 8 NODE_8 ELEMENT
NODE 20 NODE 20 ELEMENT
NODE_32 NODE_32_ELEMENT1
ELEMENT CENTERED ELEMENT CENTER

E iemeon r Types
Name Pts/Elrn Interp Pt_ Locs
ELEMENTCENTER 1 LINEAR (0.5, 0.5, 0.5ý)
NODE_8 ELEMEENT 1 LINEAR (0.0, 0,,.0, 0.o)
NODE 20 ELEMENT 4 QUADRATIC (0.0, 0.0, 0.0)

(0.5, 0.0, 0.0)
(0.0, 0.5, 0.0)
(0.0, 0.0, 0.5)

NODE 32 ELEMENT 4 QUADRATIC (0.0, 0.0, 0.0)
(0.5, 0.0, 0.0)

(0.0, 0.5, 0.0))
(0.0, 0j.0, 0.5)

List- Typ'es (Lengiqt hs shou Ld be rede f 4~-n-
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Narme Len•gth
SURFACE LIST 0
SURFACE NODES c

Griis (the cutermost grid should be redefined)
Name MeshLen Origin EdgeLen Grid_Interp
1i' 1. m (., 1., 1. (7, 9, ii) NONE

end 3f file "DBhead"
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3.3. Modifying Screens

The coding for the screens exists as ascii files in $s1)YNAPAC/Inputs/:',I.sc I. i11

possible to modify these. There is currently no docunwitiation on this proces.

3.4. Potential Interpolation Scenie

3.4.1. Continuous Field Interpolants

We originally proposed using triquadratic interpolants in DynaPAC in order to
obtain more nearly continuous electric fields than were provided by the trilinear inter-

polants used in previous three dimensional codes. Experience has shown that the pro-
posed method suffers from the two dlisadvantages that (I lthe tields are still not ýtrictlv

continuous: and (2) the difference in weight between the corner nodes and the edge-
center nodes leads to a poorly conditioned matrix. Theretbre. we have abandoned the

triquadratic formulation in favor of a finite element interpolation scheme which has

strictly continuous electric fields.

The basic interpolation functions consist of functions which have unit value and

zero slope at their home nodes, and zero value and slope at opposite nodes:

Fo = (/- I )2( 1-2z+2z )
I ~ I

F, = M-/( 1-2z+2z-)

and functions which have zero value and unit slope at their home nodes and zero value
and slope and opposite nodes:

-;( = M-z)W0
GI = z(z-I)F 1

The functions F,, and GO are shown in figure 2.6. It can be verified that these func-
tions can exactly reproduce constant. linear, and quadratic potentials.

We generalize to three dimensions by assigning to each node of the unit cube
four interpolation functions corresponding to the potential, x-componcnt of potential
gradient, y-component of potential gradient, and z-component of potential gradient for

that node. Thus, the contribution of these four quantities at point [0,0.01 to the poten-

tial at [x,y,zl is governed by the interpolation functions F0(x)F(,(y)F,1(z).
G0 (x)F1 )(y)F(1(z), F,1(x)GQ(y)F,1 (z), and F11(x)F 11(y)G,(z). (Contributions of other cube

comers are obtained by changing "0" subscripts to "I" ais appropriate.) We elect to

omit terms of the forrm GFG or GGG.
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60



3.4.2. Interpolating Potentials and [ields for Special Elemients

Special elements are those elemients which contain Surf'aces. BecaIUse ,urkace

contain ino elemntcns are not emnpi cubes. the potential interpolation t'une! :ofl

described in the previous Section cannot be straightftorwardly applied. To dc\ clop

finite elementr matrices for the-se cells, we require a prescription f'or calculatilw2 tile
potential and electric field lin thle cell interior. Note that a special elementil is1,

bounded by three types of' surfaces: ( I) Square surfaces hounded by grid edges, and

shared with adjacent (presumiably empty) elements. (2) obJect surfaces. and (3) sur-
faces bounded by both object points or edges and grid points or edges. On ty pe ( I

surfaces we nmust use the potential and field interpolation described in the previous, sec-
tion. Onl object surfaces, the potential and electric field inustl he expressed ]in termis of'

the objcct's surf'ace cell potentials and] normal fields. Type (3) surfaces must ollootll.

blend between the two. We describe below an algorithm to express thle potential and

field at any point in the cell voIlumeI in termis of' the grid point potentials and fields.
and the surf'ace cell potentials and normial fields. The algorithrin has thle propert\ that.
when applied to a cell With SIX type ( I )surf11aces, constant, linear. and quadratic poten-
tials call be represenltedl exactly

Let R be a point in a1 volume bounded by a set of' surf'aces, fS . e:',ch of' Ahich

uinay be at triangle or a planar convex quadrilateral. For aI givcn S. let P) be the point
on S nearest R. let O(P~) and E(P) be thle potential and electric field at 1). and n be the
unit normal tfyom the surface point P into the volumne) to the surf'ace. Let A(S) he the

area of the surtface. Let

d zR 1)P

d=d *d
K(S) =A(S)/ d- for d 9 n > 0
N = _ K(S)

Let I be the distance fromt P in direction n to the next surf~ace Intersection. (in prac-

tice, It is adequate to extend I to the intersection with the surface of the rectangular

parallelepiped bounding the volunie11.) Then thle contribution of' S to the potential at R

is

OS(R) =(K(S)/Nl) 1041) . I-d * n/1) (de*n) (E(P) e n)J

and the total potential is IbOund by Summiting the contributions f-rom all the surfaces.

The ciectric tield is found by differentiating thc aho\e c The contnibuion101 of' S 10

the electric field isN

0S 'p VN/N - VK(S)/K(S)l
+4- 4K(S)IN) I -W(P) +~ (I - 2 d * i/I) n ( EP) 9 n

where VOW) Ptis taken tangential to thle surf-ace. so that
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VOW ) =0 for P1 at at vellex of S
VO(P) = e (e * E(P)) for P1 on edge with direction e
VOW() =-F(P) + n (E(P) * n) for P In surface interior

To implemlent this "Cx eInterpolate surface fields andl potential oin bounding Sur-
faces in a manner which mnaintai ns the continuous field property. Potent ials and nor-
ntal field .:omnpoflefts are defined at the centroids of' the original object surfaces and
area-veighted averaged at surface corners. Potentials, normal fields, and tangential
field components at all surf'ace points which are vertices of' bounding surfaces are
expressed as linear combinations of' centroid potentials and fields. ThVs transformation
is given by the matrix TNdCnt in the special element", "Bound Sui*1<' record-
The formiat of the "Bound -Surf'," record is:

Word Variable Cl('oritet
IN('Surf' Number ( f' hounding~pl~~n

2 NCNode Number of' nedest a)
Wri('ts Numbecr oif centroids

4 L. Frans I cngth11 of' constraint relaioni matrix
next 8*N'CSurf iC'Surf- 8 ,k,) BOUndinri polygon nodle list

next 3*NCNonle RCNode( 3.1) Node locations
next Wrnts MatCnt(*) ('entroid list
next LTrans [.T(nt(*t) Constraint relation map
next LUrans T'NdCnt( *) Constraint relation mnatri

(m Nodes 1-~8 arc cube corner nodes. Remtuinin-, node~s are surface cell cenfroids.
surface cell corners, (constrained). and additional surface node,, constrailned,

3.5;. Surface Potential Boundary Conditions

Physically, it is possible to specify. foir eaich surface element, either its potential
o)r its surface normal electric field. (For conductors, the choice isN between potential
and total charge.) Fronm the point of view of the interpolation f'unctions (and therefore
the potential equations), however, the potential and surface field appeair ais independent

ýanables. lDvnaPAC legislates the physical constraint that one or the other must be
"specified.

Fxperience has shown that the surface electric fields are \xeakly coupled to the
p~ eni ial equal ions. so that solvinv, for the suir itce electrtic fiel \( ~ariahblc does, not me

rellaiabersls Rather. Ae always solve lPw, im s' a equation wit Ii all suIrface electric

fields, fixed. To deternmine surface field values, for fixed potential cells, wec use the fact
that the surface cell charge isý conjugate to its potential. i.e., when the full conj'ugate
gradient mnatrix multiplicaition is performed. the surf'ace cell charge lcorrecsponding to
the cxkiting, potentials, and fields t appears in thec surt'acc- ell -poictit Kil slot o0" the "At
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vector. lThis Is ani if1lpirvilient mc'..Ci pciIIitaflce illiarik \ metiod', In that1 it take', futll

account of1 the nonlIinear space charge litheli external spa ce

The matrix operations referred to above are carred out by Subroutine I .(pikl

The surface cell charoc values are then passed to Subrout te EA ýpdat to determineik tlc%
.surface electric ticid values. The new value is first dIetermiuned b,,. dividingz the eliargc
by the cell area. Then. EUpdat mixes 30',4 Of (he previousý o01l) ailues 'Aith1 the riev" k
calculated valutis. Finally. litpdat bounds the allowable electric lields based on the
cell dimensions, the mininmum mesh si/c inI the problem. and the rmnge of' potentials in
the problem. A diagnostic Is printctd t r thosec cells \xhosec calculated elcetric fields tall
outsidIe the at It mable rang~e. and the I~per Of lower hound (a, appropriate ) is usecd for
the new electric held '.alue.

Most of' hlis, machinery appears to Vý ork- I )NnaPR till'S ma,, be used to sct

potential values oin conductors, and potential or electric eldct \ al us on 4jua i~sr
faces. I ynalk FI IPS may also he Used ito dfeline a floatiiw. biased set of' condlucto r,

numbered consecutively starling with "I"'. with fi xed potent~ias onl hig~her numhier-CL
conductors. Non/ero charge values for these condujctors iiia. be VC1ceRated sn
Tracker, or em ered man ually using a stand alone miodulec

3.6. Space Charge Treatments

The various space charge treatments available ]in the DynaPAC potential solker
were enumerated in Section 2.4.2. Here we~ give some addition details fo(r each of' the
options- These treat ments. are Imitplemnented ]in subrout inc's Rho( )P and PSS5cmn
R ho( f'P ret ti ns valutes to be used for the e charge dlensityv and Its, denix atil e \,\it Ii respect
to potential. 'S ScImI apport io ns thec chlargev de usi ,t v ret urne I b Rho( )tl times the dcc
nent voll.11 ie. to thle nodes (Ai the eleicnicrit as, it' the chiarge a concentrated at1 a po'int

in the middle of' the ele mncti Thec den vate i \c treated as c lement-centered.

3.6.1. Laplacian Space Charge

The Laplace space charge option solves, Laplace's equation.

t)

i.e.. charge exists only on ob~ject surfaces and external boundaries, as determined by
the boundary conditions. "Space charge" iterations mtay still be required. howe\er. due
to the treatment of' surface electric fields.
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3.6.2. Linear Space Charge

The Linear space charge option solves the I lelmholtz or I)ebyc-Huckel equation
-v2¢ : -0/ý,"

The value of k is the maximnum of the plasma l)ebye length (divided by the square

root of density depiction due to geometric shadowing), and the local mesh spacing di-
vided by the DEBLIM parameter (which defaults to 2).

3.6.3. Nonlinear Space Charge

Nonlinear space charge is calculated using the NASCAP/LE() formula:

-V 2 p/En
P0' -(•IX 1 -) (1 + 00,0)/ C. / (I + (47) 0/0

c(0.E1) 0/o I (R,h/r)- 2 I
(Rsh/r. 2.29 1 E hD/0 1 1.262 10/b i -50 9

p = space charge jcoul-m I
CO =.854x10 I1 1farad-m I
A.[) = plasma I)ebye length Inml
0 = plasma temperature leVI
S= local space potential [voltsi
E = local space electric field [,olts-m

v, here the last equation (analytic focusing) comes from fitting a liniie-temperature
spherical (Langmuir-Blodgem) sheath. If analytic convergence is turlied off (by fie
CONV input parameter) C00,E) is set to zero. The value of Xt) is modified in accor-
dance with the mesh spacing as described for linear screening (above).

3.6.4. Frozen Ion

The "Frozen Ion" treatment is intended for short timescale (typically a few ini-
croseconds or less) problems for which it is a good approximation to assume that elec-
irons are in barometric equilibrium, but ions have not moved. TIhe space charge funle-
tion depends on the mesh dependent potential, 0Q, which satlisfie

I - exp(0 1/O) -•tJW (ýJ/0)

,%hcre D is the local mesh spacing divided by the I)FBLIM parameter (0, is zero for
I)-k ) The space charge. ph- is then given by

0/1 4-+o/X )(exp( l/0)--cXp(O/)) 0<



3.6.5. Tracked lows

This algorithln is used for tiuescales on which it is practical to treat ion motion.

but electrons are considered in barometric equilibrium. The ion density has been

stored in the RHO Ion array by the Tracker module. and the electron charge dvn,,sft

must be added. Subroutine RhoOl)P returns the electron charge density, ph-. as

-OL 0

-(0/0--) exp(OX2/0L2) 0<_<0

L = niax{X;i))

3.6.6. Explicit PIC

For this option, it is assumed that the Tracker module has stored both the electron

and ion charge densities in the RHO Ion array.

3.6.7. Sheath Wake Densities

This option is intended for problems in which the "GI" density array has been

calculated using shadowing by a positive potential contour (rather than by the obJect)
The module which performs this calculation is not completely developed. The section
of RhoOfP which treats this case is intended to blend betcween regions with accelerated

electrons, quasi-neutral regions, and electron rich wake regions. We do not attempt to

explain the logic here, but refer to interested reader to the Rho,)P subroutine. (Sha-
dowing is not appropriate to large negative sheaths. A variant of the Tracked Io"

method should be developed for such caes.)

3.6.8. Special Space Charge Formulation

The option is available to call a user-written routine. RSpecl. for a developmental
space charge option. One array which might be used in such an option is RHO Elec.

the element-centered electron charge density, calculated by the Tracker module h\

tracking full electron orbits in existing potentials.

3.7. Selected Subroutine Descriptions

There are no subroutine descriptions supplied at this tillmc. Just to provide ,ome-
thing, here is ia description of the "clement table". LTBI_, w vhich is written into the I)a-

taBase for each grid. For each ,olunle element the I.TBI, cnlry Is

<(I Element is tillcd or belongs to child grid.

0) Element is empty.

>() Special element index number.
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4. DynaPAC Example - Part I

This example originally appeared in the Interim Report. SSS-DPR-90-11973. 30 Sep-

tember 1990.
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4.1. Introduction to Using DynaPAC

This chapter takes you through a sample calculation using many of the DynaPAC

modules. In this example, you will use DynaPAC to calculate the potential about a

charged cube. The calculation proceeds as follows:

1. Use PATRAN to define a cube with a side of 20 centimeters. You will also create

an auxiliary material file that defines the surface material to be aluminum.

2. Use GridTool to define a grid about the cube with one level of subdivision.

3. Use PatDyn to initialize the DynaPAC data base and place in it the needed

geometrical information.

4. Use the "main" module to establish an initial potential (IPS) of -I(XX) volts on the

cube and to create an input file for the potential solver. Among the input

specifications are the plasma parameters for which you will use a density of I Y

1011 m-3 and a temperature of 0.1 eV.

5. Run the potential solver.

6. Use the data scanner to print the potentials and electric fields on the cube surface

and in the space near the cube and to plot the potentials in space.

4.1.1 Using PATRAN to Define the Cube.

Figure 4.1.1 shows the PATRAN session file to define the cube.
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Lines 1-2 Sign on to PATRAN, requesting a new datafile.

Lines 3-6 Create a cube of the required dimensions.

Lines 7-8 Define "PATCH's" on the faces of the cube.

Line 9 Create an element of material I on each PATCH.

Lines 10-16 Merge the equivalent nodes and compact the node numbers.

Line 17 Check for free boundaries.

Lines 18-19 Display normals.

Lines 20-21 Correct normals to be consistently outward.

Lines 22-28 Write the neutral file.

Line 29 Exit PATRAN.

1 GO
2 1
3 PRIM,CUBE.BRICK
4 1
5 0.2.0.2,0.2
6 5
7 PRIM,CUBE,EV
8 S
9 MESH,P1T6,QUAD/4/1 ,N,1 /1 /1,-1

"Ic EQUIVALENCE
11 N
12 2
13 1
14 Y
15 6
16 2
17 VBOUND
18 VNORM
19 1
20 3
21 1
22 INTERFACE
23 1
24 1
25 1
26 CUBE FOR SAMPLE PROBLEM
27 N
28 N
29 STOP

Figure 4 I. PATRAN session file to define the cube.
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Finally, rename the neutral file with the command

mv patran.out.I cubL.neu

and create the material file "cube.mat" containing the single line

I Aluminum

4.2 Using (rid Tool

1. Issue the "GridTool" command to run the GridTool module of DynaPAC.

2. Choose the "Files" option in order to specify the file prefix. Change it from "'fort"

to "cube."

3 Accept the default of a PATRAN neutral file with units of meters.

4. Choose the "Edit" option to change the grid parameters. Start with the only

existing grid, grid #1, and choose the "Modify" screen. The console now appears

as shown in figure 11.2.

5. Alter the grid dimensions to 13 x 13 x 1 3 and the mesh size to 0.6 meters, and

accept those changes.

6. Next, choose the "Add" option from the pull-down menu in order to place a

subdivided grid around the cube. The screen now appears as in figure 11.3.

Change the subdivision ratio to 3, and the grid limits to run from 5 to 9 in each

direction. Accept the grid.

7. Choose the "Plot" option from the pull-down menu. Using the default

parameters, make and show the plot, which appears as in figure 11.4.

8. Exit the "Edit" menu, select the "Write" option to write the grid definition file.
"cube.grd," and exit GridTool.
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4.3 Running PatDyn

PatDyn can now be run with the command

PatDynSUN4 < patdyn.in > patdyn.out &

The first line of the input file, "patdyn.in", uses the PREFIX keyword to set the file

prefix. Normally, no other lines are needed, so, in this case, "patdyn.in" appears as

PREFIX cube

END

(The input file, "patdyn.in", can also be built by the DynaPre module.) The output file,
"patdyn.out", repeats the mesh specification information and contains information on any

possible errors that may have been detected in processing the object. It concludes by

giving the properties of the materials, although these are not currently used by DynaPAC.

4.4 Using DynaPre to Prepare to Solve For Potentials

Enter the DynaPre module by issuing the command "DynaPre". The first task is to

specify a potential of -1000 volts on each face of the cube. Choose the "IPS" option from

the top menu, and choose the "Edit" submenu.

The next screen offers a range of conductors and materials to which initial conditions are

to be applied. By default, this is the entire range available. Accept this choice. A pull-

down menu now appears offering a choice of the type of boundary condition to be

applied. Choose "Fixed". The screen now appears as shown in figure 4.5. Change the

specified potential to -1000. You are instantly returned to the main IPS menu. Write out

the initial conditions, and exit IPS.
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Now choose the -Potent" option from the top menu and the "Edit Script" option from the

pull-down menu. You will be presented with the default potential solver input options, as

shown in figure 11.6. Change the -Comment" to "Cube Sample Problem" and toggle the

"Problem type" to "NON_LINEAR". Note that the density and temperature are already

properly set. Exit this screen and choose the "Make Script" option from the pull-down

menu. This will write a fully commented input file in "ps in". Exit the pull-down menul

and the "DynaPre" module, and inspect this file.

4.5. Running the Potential Solver

Run the potential solver using the command

PotentSUN4 < ps-in > psout &

The output file contains a reiteration of the input, problem, and grid parameters, and

details the convergence of the potential solver.

Before proceeding, note the "Fort" and "PS" prefix files. "Fort.DP" contains object

surface information and various miscellan~ous information about the calculation.

"Fort.BS" contains information aboui the bounding surfaces of the special elements and

is needed to calculate electric fields in special elements or to plot potentials in space.

"Fjrt.ME02" contains the potential solver matrices for special elements in grid 2. There

will be one such file for each grid containing special elements. "PS.DP" contains

information generated by the potential solver. The ' .rtF" files contain the data base

specifications that characterize the data entities in the other files. If you wish to save

results from calculations done with several different parameters, you need save only the

.DP" files; the remainting files are not changed.
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4.6 Using the Data Scanner

1. Issue the command "Scanner" to run the data scanner. Choose "Print" from the

top menu, and "Data Info" from the pull-down menu. Change the "Working

Grid" to 2, and exit the "Data Info" screen.

2. Choose "Edit Print" from the pull-down menu. You Aill now see the screen

shown in figure 11.7. You have the option of printing to the screen or to a named

file (which can later be edited). Toggle the "Output Mode" to "SCREEN". Also,

change the "Right" and "Bottom" limits to 9, and the "Left" and "Top" limits to 3.

Exit the screen.

3. Choose "Make Print" from the pull-down menu. The potentials and potential

gradients at the node points of the z=7 (middle) grid plane are printed. The

potential (volts) for each point is at the intersection of the appropriate row and

column. The potential gradient (volts/meter) in the y'-direction is printed above

the potential, the x-direction gradient is printed to the right. The entries at (7.7'

are all zero, as this point is inside the cube. Note that the potentials and fields are

consistent and that there is a slight asymmetry due to asymmetry in the element

bounding surfaces.

4. Return to the pull-down menu and again choose "Data Info". Specify

"POTSurf" as the "Data Name". Review the "'Edit Print" screen (it should be

correct) and select "Make Print". The potentials (-10(X) volts) and normal electric

fields (-5000 volts/meter) will appear on the screen. Again, the field is slightly

asymmetric due to asymmetry in the bounding surfaces. Exit the "Print" module.

5. Select "Plot" from the top menu. Review the "Data Info" screen, and choose

"Edit Plot". Figure 11.8 shows the "Edit Plot" screen.

6. Choose "GRID LIMITS" and change the limits to plot from 3 to 9 in each

direction (this time in units of the outermost grid). Exit the screen.
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7. Choose "CONTOUR LEVELS". Change the number of contours to 15. The

contour levels are recalculated instantly, and the screen is updated to show 15

levels. Change contour levels 12-15 to -30, -10, -1, and 0 volts, respectively. Exit

the screen.

8. Choose "CONTOUR MARKS". Change "Number of Marks" to 2. The screen is

redrawn to show 2 marked contours. Change the second marked contour value to

-30 volts and the mark to "3". Exit the screen.

9. Choose "LABELS AND INCLUDES". Change the "Title" to "Cube Example".

Exit the screen.

10. Select "OTHER OPTIONS". If you are on a color terminal, toggle that option to

"YES".

11. Return to the pull-down menu, and select "Make Plot" and "Show Plot". A gray-

scale version of the contour plot appears in figure 11.9. A black-and-white

version of the contour plot appears in figure 11.10. Hit <RET> to go back to the

menu. Exit "Plot" menu, and then exit Scanner.

Note the presence of the files "fort.2" and "Scanner.opt". The plot data is contained in

"'fort.2" and can be displayed or printed using any of the DynaPAC graphical interfaces.

"Scanner.opt" stores the options used when running the data scanner, which will be

restored in the next Scanner run in this directory.

4.7 Summary

This example has taken you from defining an object through calculating and displaying

the potentials in the surrounding space.
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5. DynaPAC Example - Part II

This example originally appeared in the Quarterly Report. SSS-I)PR-91-12658. Jul.

1991.
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5. A Sample Calculation Using DynaPAC

5.1 General

The goal of this calculation is to: (1) calculate the biased floating potential about an

object consisting of two disjoint, unequal size cubes; (2) examine some particle

trajectories from the sheath (ions as well as electrons).

The calculation proceeds as follows:

1. Use PATRAN to define two cubes having sides of 20 cm and 30 cm, respectively,

and being 20 cm apart. The material file will define the surface materials to be

aluminum and silver, respectively.

2. Use GridTool to define two nested grids about the object.

3. Use PatDyn to initialize the DynaPAC database and place in it the needed

geometricat information.

4. Use the "DynaPre" module to establish a biased potential set where the small cube's

potential is initialized to -10 volts and the large cube's potential is biased +10 volts

relative to the small cube's. Also create an input file for the potential solver.

5. Run the potential solver.

6. Use the data scanner to print the potentials and electric fields on the object surfaces

and in the space near the cubes and to plot the potentials in space.

7. Use "DynaPre" again to create an input file for the particle generator. Then run

panticle generator (PartGen) to generate sheath particles.
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8. Use "Dyn.aPre" again to create two input files for the particle tracker (Tracker). One
input file tells Tracker to plot the patrticles. The other input file tells Tracker to track

those particles and generate a trajectory plot. Then run Tracker twice with

appropriate input file as described above.

5.2 Parameter

The parameters used in the calculations will be:

Plasma density I x 1011 m- 3

Plasma temperature 0.1 eV

Plasma species O+, e"

Magnetic field 4 x 10-5 tesla

5.3 Using PATRAN to define the cube.

Refer to sample I for how to define an object using PATRAN. Define the object (two

cubes). Finally, at the UNIX prompt, rename the neutral file with the command

%mv patran.out.l 2Cubes.neu

and create the material file "2Cubes.mat" containing two lines

I Aluminum

2 Silver

5.4 Using GridTool

1. Issue the "GridTool" command to run the GridTool module of DynaPAC.
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2. Choose the "Files" option in order to specify the file prefix. Change it from "fort" to

"2Cubes."

3. Accept the default of a PATRAN neutral file with units of meters.

4. Choose the "Edit" option to change the grid parameters. Start with the only existing

grid, grid 1, and choose the "Modify" screen. The console now appears as shown in

figure 5.1.

5. Alter the grid dimensions to 13 x 13 x 13 and the mesh size to 0.16 meters and

accept those changes.

6. Next, choose the "Add" option from the pull-down menu in order to place a

subdivided grid around the two cubes. The screen now appears as in figure 5.2.

Change the grid limits to run from 4 to 10 in the X direction and from 5 to 9 in the

Y and Z directions. Accept the grid.

7. Choose the "Plot" option from the pull-down menu. Using the default parameters,

toggle "PLOTTER" to your favorite plot- reader. Make and show the plot, which

appears as in figure 5.3.

8. Exit the "Edit" menu, select the "Write" option to write the grid definition file,

"2Cubes.grd," and exit GridTool.

5.5 Running PatDyn

PatDyn can now be run with the command

%PatDynSUN4 < patdyn.in > patdyn.out &

The first line of the input file, "patdyn.in," uses the PREFIX keyword to set the file prefix.

Normally, no other lines are needed, so in this case, "patdyn.in" appears as

PREFIX 2Cubes

END
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(The input file, "patdyn.in," can also be built by the DynaPre module.) The output file,
"V'patdyn.out," repeats the mesh specification information and contains information on any

possible errors that may have been detected in processing the object. It concludes by

giving the properties of the materials.

5.6 Using DynaPre to prepare to solve for potentials

Enter the DynaPre module by issuing the command "DynaPre." Enter "2Cubes" at the

"File Prefix:" prompt, The task is to specify a biased floating conductor set where

conductor I (small cube) gets initialized to -10 volts and conductor 2 (large cube) is

biased +10 volts relative to conductor I.

Choose the "IPS" option from the top menu; then choose the "Conductors" submenu, and

choose "Set" option.

The next screen shows a list of all conductors defaulted to "Fixed Potential." Toggle

conductor I type to "Biased Potential" and set its "Value" to - 10 volts (leaving "Biased

From" to be "0" since this is the lowest conductor number in the set). Toggle conductor 2

type to "Biased Potential," set its "Value" to +10 volts, and set "'Biased From" to "I."

The screen now appears as in figure 5.4.

Now, go back to the main IPS menu (by hitting <ESC> twice). Select "Write" to write

out the initial conditions, and exit IPS. An ascii file named "ips.out" is also written out

for diagnostic purposes.

Now choose the "Potent" option from the top menu, and the "Edit Script" option from the

pull-down menu. You will be presented with the default potential solver input options, as

shown in figure 5.5. Change the "Comment" to "Biasing Cubes Sample Problem," and

toggle the "Problem type" to "NON IINEAR." Note that the density and temperature are

already properly set. Exit this screen and choose the "Make Script" optio,: from th;, puli-

down menu. This will write a fully commented input file in "ps-in." Exit the pull-dovn

menu and the "DynaPre" module, and inspect this file.
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5.7 Running the potential solver

Run the potential solver using the command

0 PotentSUN4 < ps-in > ps-out &

The output file contains a reiteration of the input, problem, and grid parameters, and

details the convergence of the potential solver.

Before proceeding, note the 2Cubes.* files created so far.

2Cubes.DP Main data file containing most of information about the

calculation.

2Cubes.BS Contains information about the bounding surfaces of the

special elements and is needed to calculate electric fields

in special elements or to plot potentials in space.

2Cubes.ME02 Contains the potential solver matrices for special elements

in grid no. 2. There will be one such file for each grid

containing special elements.

2Cubes.HI Contains the database specifications that characterize the

data entities in the other files.

If you wish to save results from calculations done with several different parameters, you

need save only the ".DP" file__the remaining files are not changed.

5.8 Using the Data Scanner

I. Issue the command "Scanner" to run the data scanner. Again, enter "2Cubes" at the

"File Prefix" prompt.

2. Select "Print" from the top menu and choose "Data Info." Change "Data Name" to

"POTSurf' and exit this form.
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3. Select "Edit Print" and toggle "Output Mode" from "FILE" to "SCREEN-" Exit this

form and selec, 'Make Print." The screen will display all surface potentials and

fields as in figure 5.6. Note that the total nei vharge on the two cubes is almost zero.

Exit this screen and go back to main Scanner menu.

4. Select "Plot" from the top menu and choose "Edit Plot." Figure 5.7 shows the "Edit

Plot" screen.

5. Toggle "Window Manager" to the most appropriate one. Toggle "Plotter" to your

favorite "fort.2 plot-reader."

6. Choose "GRID LIMITS." Change limits to run from 2 to 12 horizontally and from

3 to 11 vertically. Exit this screen.

7. Choose "CONTOUR LEVELS." Change the number of contours to 14. The contour

levels are recalculated instantly, and the screen is updated to show 14 levels.

Change contour levels 13 and 14 to +0.2, and -0.2 volts, respectively. Exit the

screen.

8. Choose "CONTOUR MARKS." Change "Numbcr of Marks" to 3. The screen is

redrawn to show 3 marked contours. Change the second marked contour value to -.2

volts and the mark to "-.. Change the third marked contour value tc +.2 volts, and

the mark to "+". Exit the screen.

9. Choose "LABELS AND INCLUDES." Change the "Title" to "Biasing Cubes

Example." Exit the screen.

10. Select "OTHER OPTIONS." If you are on a color terminal, toggle that option to

"YES." Exit this screen.

11. Return to the pull-down menu, and select "Make Plot" and then "Show Plot." A

black-and-white version of the contour plot appears in figure 5.8. Hit <RET- to go

back to the menu. Exit "Plot" menu, and then cxit Scanner.
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Note the presenc- ,, the tlle\, "'ort.2" and "2Cubcs.scan." The plot data is contained in

"fort.2" and can hc dtpl.iNed or printed using any of the DynaPAC graphical interfaces.

"-2Cubes.scan- ,tore,, the options used when running the data scanner, which will be

restored in the next Scanner run in this directory.

5.9 Running Particle Generator (PartGen)

Issue the command -DynaPre" to generate input file to module PartGen. From the main

menu, choose "PartGen" and then select "Edit Script." The screen will appear as in figure

5.9. Change the "Comment" to "Biasing Cubes Sample Problem." Toggle "Particle

Type" to "CONTOUR." A pop-up form will come up showing the default cut-plane

orientation. Change "Contour Potential" to "0.1" volts, and change "Cut Offset" to "7.0"

(middle Z-plane). Exit this form. Now, change the "Number of species" to "2," The

screen will change instantly to show two species (O÷ and e- as defaults). Exit this form.

Select "Make Script" from the menu to write out file "pgjin." Exit "PartGen" and exit

"DynaPre". Inspect the file "pgin." At the UNIX prompt, type:

%PartGenSUN4 < pg-in > pg-out &

The output file, "pg-out," echoes the input file "pg-in," shows general problem and grid

parameters, and details the particles generated.

5.10 Running Particle Tracker (Tracker)

Run "DynaPre" again to generate input file to module Tracker. Choose "Tracker" from

the main menu and then select "Edit Script." The screen will appear as in figure 5.10.

Change the "Comment" to "Biasing Cubes Sample Problem." Change "Title" to "Plotting

Particles at sheath=0. I volts." Change "Number of Species" to "2" to specify two

different species (species I and species 2). Toggle "Process" to "PLOTPARTICLES." A

new form is popped up. Change "Cut Offset" to "7.0" kmiddle Z-plane). Exit this form

The screen will change instantly to show defaults corresponding to the selected option

"'PL.OTPARTICLES." Change "Plot Limit" to run from 2 to 12 in X direction and from

3 to 11 in Y direction. The screen now appears as in figure 5.11. Exit this form and select

"'Make Script" to write out file "tr-plot-in."
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Select "Edit Script" again to return to "Edit" form. We are going to create yet another

input file to Tracker. Change "Title" to "Tracking Particles from sheath=0.2 volts."

Toggle "Process" to ".TRAJECTORIES" and accept the projection plane. The screen will

change to show defaults corresponding to the selected option "TRAJECTORIES."

Change "B Field" to be "4.e-5 tesla" in "Z" direction. Increase "Max Steps" from 500 to

1000 and change "DXMAX" from .3 to. I for better electron trajectories. The screen

now appears as in figure 5.12. Exit this form and select "Make Script" to write out file
"tr traj-in." Exit "DynaPre."

Now, at the UNIX prompt, issue the command:

%TrackerSUN4 < tr-_plot-in > tr-plot-out & I

Then run your favorite "fort.2 plot-reader" to display the plot as in figure 5.13. On color

plot, ions are shown in red and electrons are shown in green. Note that particles in bipolar

zones are not generated.

You might want to save this fort.2 file as it will be overwritten by the next command. At

the UNIX prompt, type the command

%TrackerSUN4 < tr_traj -in > tr._trajout &

Again, run your favorite "fort.2 plot-reader" to display the particle trajectories as in

figure 5.14.

Note that ion particles got sucked right into the object while electrons were just

oscillating about the magnetic field until they fell into high-field region between the two

cubes where they were pulled into the cube's face.

Some new subfiles have been created by PartGen and Tracker here:

91



2Cubes.PT1 Contains particle attributes, created by PanGen and

updated by Tracker as particles are tracked.

2Cubes.POTG Contains time-dependent spatial potentials.

2Cubes.POTS Contains time-dependent surface potentials.

2Cubes.CUR Contains time-dependent current to surface information.

It is interesting to look at trajectories of fewer electron particles instead. Now, rerun

"PartGen" with command:

%PartGen_SUN4 < pg-in > pg out

Although you could run "DynaPre" again to build a new "trtraj-in", it is simple enough

to make the change manually using a text editor. Edit the following lines in "tr-trajin" to

read:

XLIMIT 7.0 7.5

Y_LIMIT 7.0 13.0

ZLIMIT 0.0 0.0

Then, run "Tracker" again with command:

%TrackerSUN4 < tr traj in > tr-traj-out

Once more, run your favorite plotter to display the new trajectories, which will be as in

figure 5.15

Now, just for fun, let's change the magnetic field to be along X-axis and track sheath

particles on the X=8 plane and within 5.5 < Y < 6, 5 < Z < 6 range. Run "DynaPre" to

build appropriate "pg-in" and "tr-traj in" input files to "PartGen" and "Tracker,"

respectively. Then run "PartGen" and "Tracker", e.g.

%PartGenSUN4 < pg__in > pg-out

%Tracker SUN4 < tr.traj-in > tr-traj-out

Finally, plot the trajectories, which will look like figure 5.16.
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5.11 Summary

This example has taken you through most of DynaPAC modules: defining an object;

setting up computational grids; calculating and displaying potentials in the surrounding

space; generating, tracking particles, and displaying particle's trajectories.

N] dynapac

Exit F_41eIs cutter Show Write Reset Help

'Aodifying PRIMARY arid
Grid dimension: I 5 5
",Mesh size: 0.2000

ObJect extents in grid units:
1.2500 <- X <- 4.7500
2,2500 <- Y <- 3.7500
2.2500 - Z <- 3.7500

TRANSLATE OBJECT ACCEPT CHAINGES
PLCT IGNORE CHANG ES

Figure 5.1 GridTool screen for the Edit/Modify option.
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Figure 5.2 GridTool screen for the Fdit/Add optim.
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Figure 5.4 DynaPre screen for the IPS/Conductors option.
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Figure 5.5 DynaPre screen for the POTENT/Edit Script option.
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Figure 5.6 Surface Floating Potentials and Fields,
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, dynapac

Exit Print

PLOT EZITCRP
Output Mode: SM Data File ;refix: 2Cubes

Output File Name: Scanner.out Cata File T0ic-: EYNAPAC

Data Representat',cn: 32_NODE Data Name: PCT Grid
Window Manager: SUNVIEW Data Type: SPATIAL
Plotter: SunPtx
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Diag Level: I Cut Plane Normal: 2

Horizontal Axis: X
Options V--------------vertical Axi•: y
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Figure 5.7 Scanner screen for the Plot/Edit Plot option.
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Figure 5.9 DynaPre/PartGen editing screen.
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Figure 5.10 DynaPre/Tracker editing screen.
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Figure 5.11 DynaPre/Tracker editing PLOTPARTICLES screen.
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Figure 5.12 DynaPre/fracker editing TRAJECTORIES screen.
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Figure 5.14 Particle trajectories.
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Figure 5.15 Electron trajectories.
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6. Documentation for r%%:o-l) Electrostatic Code "(;ilbert"

6.1. Introduction

Gilbert is a general, two-ditnensional (R-Z or X-Y tinite-clement electro-,tatu:

code. It can solve a fairly general version of Poissn's equation, and can emit and

track charged particles in electric and magnetic fields.

Poisson's equation is solved taking into account vary'ig dielectric constants in

different regions. Boundary conditions include fixed potential conductors, floating con-
ductors, and internal "windowscreen" boundary conditions. Space charge is contri-
buted by charged particles being tracked, by charged particle,, deposited on insulating

surfaces, by conductivity effects, and by analytic "plasma" formulas.

Charged particles may be normally emitted from conducting surfaces at tixed
energy and current density. Zero energy particles will be emitted in space-charge-
limited fashion. An applied magnetic field in the Z-direction (for eithcr geometiry)

may be specified. Up to five different particle species may he specified. Initial parti-
cles may be generated using the auxiliary routine lnitP.

All information concerning gridding, particle properties, input variables, potential
values, etc. is maintained in a single database (stored as tbnr.20). Auxiliary programs
to make plots or to otherwise query the database are included in the Gilbert package.
Additional special-purpose programs may easily be written by users.

Presently Gilbert is implemented under UNIX on a Ridge 32W0 (space). How-

ever, it should be readily convertible to any other UNIX machine, or to VAX/VMS.
Graphical programs are at present designed for PostScript printers, although they can

also be displayed on Tektronix 4014 terminals or emulators. Color output is antici-

6.2. Grid (;eneration

6.2.1. Gridding Requirements

Gilbert operates on a finite-elcment grid composed of an arbitrary combination of
linear triangles, bilinear (4-node) quadrilaterals, and biquadratic (8-node) quadrilaterals.
(In general, the 8-node quads will give superior results.) These polygons are referred to

as "elements", and their comers (or mid-side points for the 8-node quads) are referred
to as "nodes". L.'ach element has associated with it an integer property (I<M< 15)
called a matcrial nutnber. Material I is considered free spa.e, and supports propaga-

tion of charged particles. Materials 2 15 are considered dielectrics, and are capable of
charge deposition on their surfaces. Each node has associated with it an integer pro-
perty ((<13<20) called a 'bxundary condition". Nodes sith boundary condition 0 are
free-space nodes. Nodees with boundary conditions 1-20 are conductor nodes, with
user-specified properties (see below). Free-space nodes on the boundary of the grid
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will have zero-normal-eleLl ic-ifield boundary conditions.

An external mesh generator (such as Patran) is used to generate the grid. The

mesh generator must provide a sequential list ft' nodes, with their locations and boun-

dary conditions, and a sequential list of elements, with their defining nodes and

material numbers. Elements must be compatible, i.e.. a side of a polygon (or half-side

of an 8-node quad) must also be a side of another polygon or it will be considered a

boundary. (Note that in a triangular region some mesh generators will supply 6-node

triangles where 8-node quads have been requested. Such elements are not currently

acceptable to Gilbert. and must be rezoned by the user.) The mesh generator should be

used to eliminate unintended internal boundaries. Also, the mesh generator should be

used to minimize abrupt changes in grid spacing, and to eliminate particularly badly

misshapen elements.

6.2.2. Grid Generation using Patran

Pending further request. the only available mesh generator interface, ReadPat.

reads the Patran "neutral tile". Patran (a product of PDA Engineering) is available at

S-CUBED on the Silicon Graphics Iris, and may be run with graphical interaction on

the Iris console, or in "BAT" mode from any other terminal. We also have software

capable of converting an IGES file to a Patran neutral tile. Consult Myron Mandell or

Victoria Davis concerning access to Patran or Patran documentation.

For Gilbert we use Patran to construct a two-dimensional mesh in the X-Y plane

(i.e., the default plane of the screen). The nodes may later be scaled (to account for

units), and interpreted as X-Y, Y-X, R-Z, or Z-R. Element material numbers

correspond the Patran MIDs. and node conductor numbers correspond to the Patran

node configuration number.

It is not our intent here to provide a Patran tutorial, but we will give a brief

description of a few of the concepts and commands which mi•h' be used to generate a

grid.

(Brief Patran Discussion to be inserted)

It is not necessary to assure that all elements are counterclockwise, as this opera-

tion will be performed by ReadPat.

6.2.3. Grid Processing with ReadPat

ReadPat creates and initializes the database (fori.20) with the gridding informna-

tion and with default values for various other options and paratrieters. ReadPat

expects to find the Patran neutral file on logical unit X tfort.8). It also accepts certain

options from standard input, and writes an output tile on standard output.

The options accepted by ReadPat on standard input are:
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Input Syntax Meaning DcfaIh

DPRN Diagnostic Print Omit Diagnostic Print

ECIHO Echo Patran Neutral File No Echo

NOEC Do not echo Patran No Echo

Neutral File
FLIP Interpret input as Interpret input as

Y-X or Z.R X-Y or R-Z

UNIT r Input unit k r meters r = .

UNIT INCHI Input unit is .0254 meters

UNIT FEET Input unit is -3048 meters
UNIT FOOT Input unit is .3048 meters
UNIT CENT Input unit is .0100 meters

UNIT METE Input unit is 1 meter
UNIT MILL Input unit is .0)10 meters
DIEL i r Material i has I)iclectric constant = 1.

dielectric constant r

SIGM i r Material i has Conductivity = 0,

conductivity r
RZ (No Effect) Geometry is R-Z

XY Geometry is X-Y unless Rmin < 0

END No further input

6.2.4. Grid Illustration with Gridflot

After creating the database with ReadPat, it is possible to produce PostScript plots

of the interpreted grid using the GridPlot program. GridPlot will read the database
(fort.20) and create graphics commands on logical unit 2 (fort.2). PostPlor "ill

translate these commands into PostScript commands on its standard output, which may

be piped or otherwise sent to a convenient PostScript printer. Alternatively, Tek4014

will write Tektronix 4014 commands on its standard output.

GridPlot will draw element outlines and node points, and, for R-Z geometry, will

draw the axis of symmetry. Elements of materials 2-15 will be shaded in gray. At

user preference, GridPlot can print element numbers, element material numbers, con-

ductor numbers, or node numbers. To accept a choice, respond to the prompt with a

simple carriage return <CR>. Any non-null response will reject the choice.

GridPhlo has a windowing capability, allowing plots to he restricted to only a por-

tion of the grid.
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6.3. Running Gilbert

6.3.1. General Considerations

Gilbert is run in the directory where its database (fort.20) resides. It reads an
input file from standard input, writes output on standard output, and continually

updates its database. Calculation takes place in four phases: (1) read input and related
initialization; (2) generate Laplace equation matrices (if necessary); (3) initialize poten-
tials (if necessary); (4) perform iterative cycles to resolve non-linear and/or time-

dependent phenomena.

Gilbert first reads in all current values of options and parameters from the data-
base (fort.20). It is envisioned that a screen-oriented input program will bc made
available to manipulate these options and parameters. At present, however, user-
modifiable options and parameters may be changed via command from standard input.
These options and parameters and their input syntax are described in the next section.

After inserting the mesh into the database with ReadPat, it is necessary to gen-
erate the matrices to be used to solve for the potential, as well as to perform certain
other initializations. This is done in response to the "GenMat" command. ("GenMat"
is set to .True. by ReadPat. It is automatically set to .False. after the initialization is

performed.)

Potentials in space, and charges on floating conductors, are initialized in response
to the command "IniPot". The variable "iniPot" may be set to .True. from the input
stream. It will be set to .False. following the initialization.

The variable "Cycle" determines whether iterative cycles are to be performed. It

is set to .True. when a non-zero number of cycles is requested via the input variable
"NCYC". Each cycle consists of four phases: (I) emit particles, track the particles,

and deposit charge accordingly on conductors and insulating surfaces; (2) computed
charge accumulation due to conductivity effects: (3) calculate space charge due to par-
ticles, particle deposition, and plasma effects, and update the potential solution accord-
ingly; (4) generate written and printed output as requested. If further cycles are
required, stvbsequent runs may resume from the current state of the database.

6.3.2. Common Block/Input Specifications

6.3.2.1. Boundary Conditions

COMMON/BCOND/BCTyp(NCMX),VOLTS(NCMX), BCParnl(NCMX). Capaci(3.NCMX)

NCMX is a parameter denoting the maximum number of conductors (currently

20). BCTyp describes the type of boundary condition. Currently implemented values
"are FIX " for fixed potential conductors, "FLOQ" for charge-initialized floating
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conductors, "FLOV" for potential-initialized floating conductors. IGNO" to indicate

that this collection of nodes is not to be treated as a condUctor. and "SCRE" for ,kin-

dowscreen internal boundary. VOL.TS describes the voltage of a fixed-potential boun-

dary, the initial voltage of a potential-initialized floating boundary, or the nominal vol-

tage of a windowscreen boundary. BCParm may contain either the parameter rclatin.,

effective voltage to field discontinuity for a windowscreen boundary, or the inital

charge for a charge-initialized floating boundary. Capaci ik an array containing inter-

conductor capacitances. The first two entries of each triplet are integers giving the

conductor numbers to be capacitively connected, and the third i, the capacitance in

farads (R-Z Geometry) or farads/meter (X-Y Geometry). Note that changes in capaci-

tance values will be implemented only during the matrix gencration (GenMat) phas,,e of

the code.

Relevant input variables are:

Input Syntax Meaning Default
FIX i Fixed potential on Floating Potential

conductor i

VOLT i volts Define potential Volts(l) = 0.

on conductor i
FLOA i Potential-initialized (Default)

floating potential

on conductor i
IGNO i Ignore specification

for conductor I

CHAR i coul Charge initialized floating Voltage-initialized
conductor i, with coul

coulombs of charge
SCRE I alpha Windowscreen internal Voltage-initialized

boundary on conductor i,
with parameter alpha

CAPA icl ic2 farads Interconductor Capacitance Stray Capac. only

CAPA RESET zero all capacitances

6.3.2.2. Plasma Parameters

Common /Plasma/ Rho, TO, RLainda, Dsq, Linear, Planar, Convrg,Elec,Ions
Logical Linear, Planar, Convrg,Elec,lons

This common block contains the plasma density, temperature, and Debye length.

Dsq is the square of the Debye length. The three logical variables describe the formu-
lation to be used for plasma space charge, with the options "linear" for linear (Debye)

screening, "Planar" for Child-Laugmuir screening, "Convrg" for spherically convergent
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(Langmuir-Blodgett) screening, "Elec" for screening by only the electron component ot

the plasma (e.g., if ions are tracked), and hons" for screening by only thie ion corn-
ponent of the plasma (e.g.. if electrons are tracked). Relevant input variables are:

Input Syntax Meaning l)efault

PLAS LINE Linear Screening No Screening or As Beftore
PLAS PLAN Planar Screening No Screening or As Before
PLAS CONV Convergent Screening No Screening or As Before
PLAS ELEC Electron Screening No Screening or As Before
PLAS IONS Ion Screening No Screening or As Before
PLAS other Turn off Screening As Before

DEBY length Set Debye Length; 7430 meters, or As Before

Redefine RHO
RH-O density Set RHO; 1 m3, or As Before

Redefine RLamda
TEMP temp Set TO; I eV, or As Before

Redefine RLamda

6.3.2.3. Mesh Parameters

COMMON/MNEESHitNNNcdes,N El t,jBSet,R M, iiiR Max,ZMi n ,ZMaxR`/Geom ,XYGeom

Logical RZGeomXYGeoni

NNodes and NEIt describe the number of nodes (maximum 3100) and elements
(maximum 3000) actually in the grid. RMin, RMax, ZMin, and ZMax describe the

minimum and maximum R (or X) and Z (or Y) coordinates of the nodes. The logical
\ariables RZGeom and XYGeom describe whether the geometry is to be treated as R-
Z or X-Y. (Note that this common block contains substantial further gridding informa-
tion, which is omitted here.)

Relevant input keywords are "XY" and "RZ", which reset the geomwcvy type.

(Note that if the geometry type is actually reset, the matrix initialization ('GenMat")

should be redone.)

6.3.2.4. Particle Parameters, Magnetic Field, Timestep

COMMON /PARCON/ EQ(5), I'M(5), F-ByM(5), BZ, Omnega(5) l)ell', Mirror

Logical Mirror

EQ and EM give the (signed) particle charge (coulombs) and mass (kilograms)

fbr the species of particles of each species to be tracked. EByM = EQ/EM. BZ is the

zIcOniponent of magnetic field (W-mr ). Omega - I'ByM*BZ. Dell' is the timestep

per cycle, and also the maximum timestep per particle push. Mirror indicates that Z=(
41r RiZ) or Y=O (for X- Y, is a mirror plane. Relevant input variables (applied to the
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current particle species number) are:

Input Syntax Meaning D)efault

PART SPEC n Particle Species I
lor subsequent input

PART CHAR coul Particle charge (couLhmbs -1.6x10- 9

PART MASS kg Particle mass (kilograis,) 91/10) kg-31
PART MASS a AMU Particle mass (ainu) 9lx103 kg

I,-

BZ w Magnetic field (W-m-11 0.

BZ g GAUS Magnetic field (gauss) 0.
DELT sec Timestep (seconds) 1.x10-9

MIRROR Declare Mirror Plane No Mirror
MIRROR OFF Omit Mirror Plane No Mirror

6.3.2.5. Emission parameters

Common /EMISSN/ Window(4),CurDen(NCMX),Energy(NCMX),NPSEG(NCNIX),
* JSpeces(NCMX),NPMod(NCMX)

Window give the XMin, XMax, YMin, YMax from which emission can take

place. (This is useful if only a portion of a conductor is emitting.) CurDen give, the
-9

maximum current density (A-mr •) emitted from each conductor. Energy gives the
energy at which particles are emitted, with zero energy indicating space-charge-limited

emission. NPSeg gives the number of particles to ,x emitted for each line-.segment of
conductor. JSpeces gives the species nun.ber of parti:!es to be omitted from each con-
ductor, as specified by the most recent PART SPEC ni" card. (See particle

specifications section above.) NPMod gives the number of timesteps between emis-

sions. (Useful for problems having both slow and fast particles.)
Relevant input parameters are:

Input Syntax Meaning Default
EMIS WIND xl x2 yl y2 Define emission window Entire Grid
EMIT COND i ENER c CURD j NPSE n Mod m Define cmission (No emissioni

properties for
conductor i

6.3.2.6. Calculation Directives

Common /WhToDo/ GenMat, IniPot, Cycle,LstCyc, NCyc, Time

Logical GenMat, IniPot, Cycle

GenMat defines whether Laplace matrix initialization is to be performed lniPot

defines whether potential initialization is to be performed. Cycle defines whether itera-

tive cycles are to be performed. LstCyc defines the number of the previous cycle or
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timiestep. NCyc defines the number of' cycle,, to be pertormed. Tlime Is the running
total of the DeIT's for eachi umiestep. Input parzimeters iu-e:

Input Syntax %1eaning Defaulit
NCYC n Number of' cycles, No cvclvcs

Set CYCLE to .TRJC.
CiENNI Initialize Laplace mnatrix Set to.TRICr by kcadl-a

Set to [Falsc. after done
INIP Initialize Potentials .l'alse.
CYCLE RESET Set LstCvc=Timez() Continuc from previous

Maintain existing, particle,,

and charge deposition.

6.3.2.7. Particle Tracking Parameters

Common fl'rackl XYNoB, XYB,RZ.NoI3. RZB,DX Max,[) Y,ýax,1)EMax

Logical XYNoB,XYB,RZNoB,RZB

The four logical variables are set iriterniaily to determine the appropriate type of
particle pushing. DXMax and DYMax define 1',, 10;4%,.111u11 X (or R) and Y (or Z)

distance a particle can move in a 6-n-~ [,p. It' this is exceeded with tirnestep DeIT,
then multiple particle trimesterpý will be taken within the cycle for that particle. Simi-
larly, 1)EMax is the IMaXimur.11. kinetic entrlgv change per particle putsh. Relevant input
vatriables are:

Input Syntax Meaning Default
DXMA dx Maximum DX per particle push 0J. 1 (Rikax-Rklin)
DYMA dy Maximumn DY per particle push 0. I i/.Maix-ZMin)
DEMA de Mlaximumn kinetic energy I x 16 eV

change per particle pushi

6.3.2.8. Other Miscellaneous parameters

Common /1MISC/ Maxl-r. l13rlar, ParPsh, Conduc

Logical PlarPsh. Conduc

MaxILr is the ImaX1imum11 number of iterations within the ICCG potential solver.

ll~rPar turns on particle diagnostics. ParPsh defines whether any particle pushing is

required. (ParPsh is set to True. when emission is requested, but may also be set by
the User.) Conduc defines whether conductivity is to be considered. (Conduc is nim-
tiallv set to False. by RcadPat, and chang~ed to .True. wh~en ReadPat encounters a

'SI(;M' input card assigning conductivity to at material. Relevant input vairiables are:

Input Syntax Meaning I )elkilt
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MAXI n Maxini number o 'CC 0I'ratio it 30

IP| t n PartiCle D)iagnostics 0
PARP Turn on particle pushing
PARP OFF Turn off particle pushing

COND Turn Oi conductivity
COND OFF Turn off conductivity

6.3.2.9. O,:!put Specificauions

It is commonly desired to print or plot a quantity as a tIn ction of time or cycle

number. When Subroutine Input encounters an 'OUTl' card, it transfers .omtrol to

Subroutine OutSpc to interpret the remainder of the card. The capabilities and ,Iai-

taxes of this feature are discussed below in the section :itlcd "Output DiscuLIsion

6.3.3. Windowscrec:n Boundary Condition

We have incorpornted into the code an algorithm for treating the Aindowkscrccn as,

an interior boundary condition. The met hod determines the local effective potential ot

the windowscreen self-consistently with th1 calculated electric fields on either side of

the screen.

Normally, the windowscreen spacing is smaller than any other parameter (resolu-

tion or Debye Length) in the problem. In this case. the difference between the

effective potential of the windowscreen and its actual (circuit) potential is proportional

to the discontinuity of electric field across the screen:

Veff - Vs = -a(T) L (E a- E s)rn

where L is the interwire spacing, a(') is a function of the transparency of the screen,

Ea b are the electric fields above and below the screen, and n is the upward unit nor-

mal to the screen. The parameter Calpha") which must be entered when specifying

the "SCRE" boundarv condition is atT.A.. The table below gives values of a(Ti for
various transparencies.

lransparency a{T)

5014 .0 185
6017r .0310
70% .0488

8()/ .0754
90() ,120

95% .17,4
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6.3.4. User-Modifiable Routines

It iS not possible 1o calculatc iI a gCneral way every val-ration1 01) thC electrostatic

theme. However, we have tried to anficipate some of the arcas in '.0hich users will
kish to "hardwire" parameters and functional fonns for their particular applicationi,

and to localize these in user-modiliable routines. The routines intctndd for such put

poses are extensively internally documented, We list these routincs beov:

6.3.4.1. Subroutine ExtCur

ExtCur provides the capability of imposing a time-dependent potential on "FIX
and "SCRE" conductors, or providing an external current (which may depend on time

and potential) to floating conductors.

6.3.4.2. Subroutine Output

Output provides the capability of printing or writing for latcr processing several

categories of quantities in a general, automatcd \xay. tlowever, the user may have
specific, unanticipated quantities of which hc would like to keep track. A stencil is
provided in Subroutine Output for the user to calculate and print/write such a quantity.

6.3.5. Output Discussion

6.3.5.1. User Requested Olutput

The user may request output to be printed or to be written on unfomiatted file

fort.30. The output may be conductor or node charges, conductor or node potentials.
nodal fields, and total particle charge or dipole moment. A program LinPil; is provided
to plot the data on fort.30. As with other computational parameters, the output
requests are stored in common blocks and maintained in the database for restart pur-
poses. We will, as done with input parameters above, categorize the output requests
by common block.

Changes in output requests should be done only when the INIP request is used to

establish the calculation at cycle 1.

6.3.5.1.1. General Requests

Common /OMods/ ModPrt, ModWrt

The cards

OUTPUT MODP nprint
OUTPUT MODW nwrite

,,pecify that printing/\writing takes place every nprint/nwrite cycles. A value of zero

indicates no printing/writing. The default is to set both values to zero. Also, the card
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OUTI'UT RESET

sets the default values for all output parameters except ModPri and ModWri.

6.3.5.1.2. Conductor-Related Quantities

Common /OCnd/ lConds(20), LChrge, LPot, LI-Fmit, lRemrn
Logical I.Chrge, L.Pot, LEmit, LRetrn

The values in the above common block are controlled by the cards

OUTPUT CON1)L(TIOR icond I OFF]
OUTPUT CONDUCTI'OR CHARGE 1OFt]

OUTPUT CONDUCTOR POTENTIAL 1 OFF]
OUTPUT CONDUCTOR EMISSION [OFF]

OUTPUT CONDUCTOR RETURN 1OFF!

The default is to print/write potential, not to print/write charge, cumulative emi•Sion

current, or cumulative return current, and to have no conducturs specified.

6.3.5.1.3. Nodal Potentials

Common /OPots/ NodPot(20)

Nodal potentials are requested by the card

OUTPUT POI-NJIAI. NODE Mode fOI:FJ

By default, no no•des are specified.

6.3.5.1.4. Nodal Fields

Common /OFlds/ NodFld(2,20), LE.1. l.E2, LETot

Logical LEI, LF2, LETot

Nodal fields are requested by the cards

OUTPUT FIELD NODE inode [ELEMENT ielt]
OUTPUT FIELD NODE inode (OFFI
OUTPUT FIELD TOTAL [OFF]

OUTPUT FIELD dir IOFFI

where dir is one of JR, X, 1i to print/write the R or X field component, and one of [Z,
Y, 2] to print/write the Z or Y field component. If no element i. :sr.cýtihed for a node,

Gilbert will determine an appropriate element. The default is to have no nodes or ele-
ments specified, and to print/write only the total electric field.
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6.3.5.1.5. Particle Quantities

Common /OParts/ LQPar n,, I.Dip I t6), l.lDip2( 6
Logical LQPan, LDyI, [.L)ip2

Particle quantities are requested by the card,

OUTPUT PARTICLE SPE('CIES n

OUTPUT PARTtCIEI CIARGE OF1011
OUTPUTF PARTICIE DIPOLE dir [OFF]

where a value n from I to 5 specifies a particle species for subsequent OUTPUT PAR-

TICLE commands (any other value indicating sum over all particles), and dir is one of
[R, X, 11 to print/write the R or X dipole component, and one of [Z, Y, 21 to
print/write the Z or Y dipole component. The default is to omit calculation of particle

quantities.

6.4. Auxiliary Programs

6.4.1. GridPlot

GridPlot has been described above.

6.4.2. InitP

InitP allows the user to specify initial particles throughout the grid. The user will

be prompted for a density for each particle species. If a positive density is given, Initd
will place one macroparticle on each triangle or 4-node quadrilatcral, and four macro-
particles on each 8-node quad. InitP should logically be run following an initial

potential (INIP) calculation by Gilbert.

6.4.3. Contours

Contours allows the user to plot equipotential contours in the grid. Contour
ValuIs may be either quasi-logarithmically spaced (1, 2, 5. 10, 20, ...) or evenly
spaced. Windowing capability allows plotting to be limited to a portion o 1 the grid.

6.4.4. Scatter

Scatter plot., the positions of particles of cach species currently in the problem.

6.4.5. LinPIt

LinPit allows the user to plot quantities written to file fort.30 via the output
options. The quantities may be plotted either vs. time or vs. cycle number, and a

range of cycles may be selected. Also, the user may select the quantities to be plotted.

12(0



The user may readily create custom versions of LinPt to plot multiple curves on

a plot or to plot derived quantities.
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